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1.06wWwKe 0CO6EeHHOCTU YNpaBnsAoWMNX MUKPOKOHTPOSNEPOB.

OcHoBHble TpeboBaHUs, KOTOpblE MOTPEBUTENN NPEAbABNAIT K yNpasnaloWwmm 6okam npubopoB MOXHO
cdopmMynupoBaTh creayrowmmM o6pasoMm:

HM3Kasi CTOMMOCTb,

BbICOKasi HAAEXHOCTb,

BblCOKasi CTENEHb MUHMATIOPU3ALIUN,

Maroe aHepronoTpebrenue,

paboTOCNOCOOHOCTL B XKECTKMUX YCIOBUSIX IKCMyaTaLuy;

JoCcTaToYHasi NPOM3BOAUTENBHOCTb ANsi BbINOMHEHUS BCeX TpebyeMbix yHKLUNIA.

B oTnMume oOT yHMBEpCamnbHbIX KOMMBLIOTEPOB K YNPaBMsAOLWMM KOHTpoOnnepaMm, Kak npaBuno, He
NpeabABNSATCA BbICOK/E TPeGoBaHNA K NPON3BOAUTENBHOCTA U NPOrpaMMHOIN COBMECTUMOCTU.

BbINoriHeHNe Bcex 3TUX [OBOJIbHO MPOTMBOPEYMBLIX YCIIOBMI OQHOBPEMEHHO 3aTPYAHWUTENbHO, MO3TOMY
pasBuUTUE W COBEPLLUEHCTBOBAHME TEXHUKM MOLUMO MO MyTW crieuyanvsauuv U B HacTosiLlee BPeMs KONMYEeCTBO
pa3nuyHbIX MoZerner ynpaBnsoWmX MUKPOKOHTPOSIIIEPOB Ype3BblYaiiHO BENWKO.

OpHako MOXHO BblAENMUTb HEKOTOpble YepTbl apXUTEKTypbl M CUCTEMbl KOMaHZ, oblime Aans Bcex
COBPEMEHHBIX MUKPOKOHTPOISIEPOB, 3TO:

e Tak HasbiBaeMas [apBappackasi apxuTekTypa — TO eCTb pasfenbHble obnactv namsaTv anst XpaHeHus
KoMaHg (mporpamMmbl) M AaHHbiX. OHM MOryT MMETb pasHyld paspsigHOCTb, B CUCTEMe KoMaHg Ans
obpalleHns K HUM NpeayCMOTPEHbI pasnnyHble KOMaHabl U T.4.

e WHTErpauuMsi B OOHOM KOPMyCE MWKPOCXEMbl (Ha OOHOM KpucTanne) npakTUy4ecku Bcex Orokos,
XapakTepHbIX Ans NonHOGYHKUMOHaNbLHOrO KomnbloTepa — npoueccopa, M3Y, O3JY, yctponcts BBoaa-
BbIBOZA, TAaKTOBOro reHepartopa, KOHTpornnepa npepbiBaHuii 1 T.4. [103TOMy B pyCCKOsI3bIMHOM nutepaTtype
nogo6Hble YCTPONCTBA YacTo Ha3bIBaOTCA OgHOKpUCTanbHbie IBM (OOBM).

MUKPOKOHTpOINEepbl 06bIYHO KNaccudULMPYIOT Mo pas3psaHOCTU obpabaTbiBaeMblx Yncen

e yeTblpexpaspsigHble- caMble NPOCTble N AelueBble,

e BOCbMUpaspsigHble - Haubornee MHOrovucrieHHas rpynna (onTMManbHOE COYETaAHME LiEHbl U
BO3MOXHOCTEW), K 3TOW rpyrnne OTHOCATCSA MWKPOKOHTpornepbl cepumn MCS-51 (Intel) n coBmectumbie ¢
Humu, PIC (MicroChip), HC68 (Motorola), Z8 (Zilog) v ap.

e wecTHaguaTupaspsgHble - MCS-96 (intel)u gp. - Gomee BbICOKOMPOU3BOAMTENbHBIE HO Oornee
JoporocTosiLmne

e TpuauaTUaByXpaspsigHble - 0ObIMHO ABMSHOLUMECS MOAUMUKALUSMU YHUBEPCAnbHBLIX MUKPOMPOLECCOPOB,
Hanpumep i80186 nnn i386EX.

1.1.YeTbIpexpaspsaaHble MUKPOKOHTpOMNNEpbI.

UeTblpexpaspsagHble  MUKPOKOHTPOMSIEPbl  SBMASIKOTCS O4YeHb MPOCTbIMA U AELeBbiMUA  YCTPONCTBAMU,
npegHasHadYeHHbIMWU  ON9  3aMeHbl HEeCMOXHbIX CXeM Ha 'KeCTKOW" norMke B CUCTeMax C HEBbICOKMM
ObicTpogencTBneM. TuNMYHbIE Crydan MNPUMEHEHMSI - Yachbl, KalnbKynsaTOpbl, WIPYLIKM, MPOCTble YCTPONCTBA
yrpaBneHns B MPOMbILLSIEHHbLIX YCTPONCTBAX U ObITOBOWN TEXHUKE.

TunuyHble XapaKTepUCTUKN YeTbipexpaspAaaHblX MUKPOKOHTPOJI1EPOB -

O3Y - 06bem - 16...64 yeTbipexpaspsgHble SUEnKu;

M3Y - 06bem - 0.5 ...1 K BocbMupa3psaaHbIx sdeek, Tun - macodHoe MN3Y (Hanbonee gelwesoe);

cuctema komaHg - konuyectso - 30...50;

TakToBad 4Yactota - 100 KI'y...1Mru;

nepudpepuinHble ycTpouctea - 2..4 4eTblipexpaspsiHblX MapannenbHblX MNopTa, WHOrga KoHTposnnep
YKNOKOKPUCTANNMYECKOro MHANKaTopPa;

e  CTOMMOCTb - nopsAaka 0.1$

Mpumepbl  YeTbipexpa3psagHbiX — MUKPOKOHTPOMNEpPOB
KP145BM1406, KP1834 n T.4.

OOHVM 13 KpyNHEWLnX npomsBoauTenen uYeTblpexpaspsiaHblX MUKPOKOHTponnepoB - "AHrctpem" T.
3eneHorpap (1 akcnopTep B cTpaHbl KOro-BoctouHom Asum).
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2.Ynpasnswwme BOCbMUpaspsaaHble MUKPOKOHTpONNepbl CeMencTea
MCS-51 dompmbl Intel u coBMmecTUMBbIE € HUMMN.

HecmoTpa Ha HenpepbiBHOE pas3BuTME W MNOSABMEHME BCE HOBbIX W HOBbIX 16- n  32-paspsgHbix
MUKPOKOHTPOMMNEPOB U MUKPOMPOLLECCOPOB, HaMbonbLuas AoMs MUPOBOrO MUKPOMPOLECCOPHOrO pbiHKa U NO cen
OeHb ocTaeTcd 3a 8-pa3psagHbiMu ycTporcTBamu. CornacHo AaHHbIM komnaHuu Semico Research Corp., Phoenix,
B 1996 rogy o6LuMiA MUPOBOI 06bEM NPOAaK MMKPOKOHTPOMNEPOB Bcex Tunos coctasun $11,4 munnuapaa, npu
atom $5,56 munnuapga (unu 48.6%) npulnock Ha OoMo 8-paspsaHbiX KpucTanmnos. OTo B 2,5 pasa Gonblue
obbema npodax GrkaiMx KOHKYPeHTOB: 16-paspsaHbiXx MUkpokoHTpornepos ($2.1 mnpag.) n DSP ($2.4). Mo
BCEM MPOrHO3aM aHaNUTUYECKMX KOMMaHWA Ha Onvkanwme 5 neT nuaupylollee nonoxeHne 8-paspsiaHbiX
MUWKPOKOHTPOJIIIEPOB Ha MUPOBOM PbIHKE COXPaHUTCS.

B HacToswee Bpemsi cpeau Bcex 8-paspsigHbIX MUKPOKOHTponnepoB - cemenctBo MCS-51 sapnsietcs
HECOMHEHHbIM YEeMMWOHOM MO KONMMYECTBY Pa3HOBMAHOCTENW W KONUYECTBY KOMMAHWW, BbIMyCKaOLWMX €ro
mMogndukauumn. OHO NOMy4Ynno CBOe Ha3BaHWE OT MEePBOro NPeAcTaBUTENS 3TOr0 CEMENCTBA - MUKPOKOHTponepa
8051, BbinyweHHoro B 1980 rogy Ha 6ase TexHonoruv HMOS. YpgauHbin HaGop nepudepuiHbiX YCTPOWCTB,
BO3MOXHOCTb rMOKOro Bbibopa BHELLHEN UNn BHYTPEHHEW NporpaMMHON NaMsaTu 1 npuemnemMas LueHa obecneumnum
3TOMY MUKPOKOHTpOMMepy ycnex Ha pbiHke. C TOUKM 3peHUs TeXHomnormm MukpokoHTponnep 8051 asnsanca aons
CBOEro BPEMEHWN OYEHb CITOXHbIM U3AEeNMeM - B KpucTanmne Obirio ncnonb3oBaHo 128 TbIC. TPaH3UCTOPOB, YTO B 4
pasa npeBbILlano KoM4ecTBO TPaH3MCTOPOB B 16-pa3paaHom mukponpotieccope 8086.

BakHyto ponb B JOCTUXEHUW TakoW BbICOKOM NonynsipHOCTU cemenctsa 8051 cbirpana OTKpbiTad nonvTuka
dupmbl Intel, pogoHavanbHULbI apXUTEKTYPbI, HanpaBneHHasa Ha LUMPOKOEe pacrnpoCTpaHeHne NMUEH3UA Ha a4po
8051 cpeau 60NbLIOrO KONMMYECTBA BEAYLLMX MOJTYNPOBOAHUKOBBIX KOMMAHWIA Mypa.

B pesynbTate Ha cerogHsAIlWLHMIA OeHb cyuwectByeT ©Oonee 200 moandumkaumm MUKPOKOHTPOSIEPOB
cemenictBa 8051, Bbinyckaembix novty 20-10 kKOMNaHUsMU. 3T MOAMMUKALMM BKOYaoT B cebsa kpuctannbl ¢
LnpoYanLmm cnekTpom nepudpepmmn: ot NpocTbix 20-BbIBOAHLIX YCTPOUCTB C OAHUM Tarmepom 1 1K nporpaMmmHon
namatv oo cnoxHenwinx 100-BbiBOAHbIX KpucTtannos ¢ 10-pa3spsagHeimu AL, maccrBamu TariMepoB-CHETHMKOB,
annapaTtHbiMK  16-pa3psagHbiMM  YyMHOXUTENsSMU 1M 64K nporpammHon namatv Ha kpuctanne. Kaxabin roa
NOsIBNSIOTCA BCe HOBble BapuaHTbl NpeacTtaBuTenen aToro cemenctsa. OCHOBHbIMU HampaBneHUsMN pasBUTUS
SABNAOTCA: yBenuyeHue ObicTpoaencTeus (MOBbILEHWE TaKTOBOM 4YacToTbl M nepepaboTka apxXuTekTyphbl),
CHUXEHME HanpsbkeHns nutaHus u notpebneHus, ysennyeHne obbema O3Y m FLASH namatm Ha kpuctanne c
BO3MOXHOCTbIO BHYTPUCXEMHOro MpOorpaMMMpoBaHus, BBeAEeHWEe B COCTaB nepudepun MUKPOKOHTponnepa
CINOXHbIX YCTPOWUCTB TUNa cuctembl ynpasnenusi npusogamm, CAN n USB uHTepdeincos u T.n.

Bce wmukpokoHTpornepbl u3 cemenctBa MCS-51 wumetor obwyto cuctemy komaHa. Hanuvune
OOMONHUTENBHOrO 060PYAOBaHUS BNNSET TOSbKO HA KONTMYECTBO PErMCTPOB CNeLMarnbHOMro Ha3HavyeHusl.

OCHOBHbIMX MPOM3BOANTENSIMU KITOHOB 51-ro cemencTea B Mupe sBnstoTes dpupmel Philips, Siemens, Intel,
Atmel, Dallas, Temic, Oki, AMD, MHS, Gold Star, Winbond, Silicon Systems u psg gpyrux.

B pamkax CCCP npousBoactBo MukpokoHTporiepa 8051 ocywectenanoce B KueBe, BopoHexe
(1816BE31/51, 1830BE31/51), MuHcke (1834BE31) n Hosocnbupcke (1850BE31).

MukpokoHTponnepsbl AaHHOro cemenctea Boinyckatotcs B PLCC, DIP u QFP kopnycax n moryTt pabotath B
cneayoLLmMx TeMnepaTypHbIX AManasoHax:

e kommepyeckuin (0°C — +70°C);
e pacwupeHHbin (-40°C — +85°C):
e  [ansi BOEHHOro ucnonb3osaxus (-55°C — +125°C).

Mpumepamn  MUKpOKOHTponnepoB cemenictBa MCS-51 ¢ pacliMpeHHbIMM  BO3MOXHOCTAMM  MOTYT
PacwmpeHusa mukpokoHTponnepo MCS-51/52cnyxnte 8XC51FA, 8XC51GB, 80C152.

2.1.CTpyKTypHas opraHu3sauusa MUKpPOKOHTpornnepa i8051.

2.1.1.06wWwme xapaKkTepUCTUKMU.
MukpokoHTpornnep cemenctsa 8051 umeloT cneaytolwmne annapatHble 0CO6EeHHOCTN:

BHyTpeHHee O3Y obbemom 128 6anT;

YyeTblpe ABYHaMNpPaBreHHbIX NOBUTHO HacTpanBaeMbIX BOCbMUPa3psaHbIX NopTa BBOAA-BbIBOAA;

ABa 16-pa3psigHbIX TanMepa-cYeTUNKa;

BCTPOEHHbLIN TaKTOBLIV reHepaTop;

agpecauus 64 Kbant namsaty nporpamm n 64 K6anT namaTn AaHHbIX;

OBe NHMKN 3anpOoCOB Ha NpepbiBaHNE OT BHELUHWX YCTPOWCTB;

UHTepdenc Ana nocnegosaTtenbHOro obmMeHa Hopmauuen ¢ ApyruMm MUKPOKOHTpOMRNepaMmm unm
NepCcoHarnbHbIMU KOMIMbIOTEPAMMU.

MukpokoHTporinep 8751 cHabxeH YO MN3Y obbemom 4 Kbant.

dyHKUMOHaNbHasa cxeMa MUKPOKOHTponnepa cemencTtea 8051.
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MuKpoKOHTpOnnep BbIMNOMIHEH Ha OCHOBe BblcOkoypoBHeBoM n-MOIM TexHonormu. Yepes 4eTbipe
nporpaMMmpyembix napannefibHbIX nopta BBOAA/BbIBOA4A WM OAWMH MOCnenoBaTerbHbIA MOPT MUKPOKOHTPOIEp
B3aUMOOENCTBYET C BHEWHUMWU ycTponcTBamu. OCHOBY CTPYKTYpHOW cxembl (puc. 1) obpasyeT BHYTPEeHHSS
OByHarnpaBneHHaa8-6utHas WuWHa, KoTopas CBs3biBaeT Mexdy COOOM OCHOBHble Yy3rbl WM YCTPOWCTBA
MUWKPOKOHTpOJNepa: pe3ngeHTHyto namaTb nporpamm (RPM), pesnaeHTHyto namsaTtb AaHHbix (RDM), apudmeTuko-
nornyeckoe yctponctso (ALU), 6rok peructpoB cneumanbHbiX yHKUUA, yCTpocTBO ynpaernenunsa (CU) n noptbl
BBoga/BbiBoga (P0-P3).

2.1.2.ApucpmeTUKO-NOrnyeckoe yCTpoucTBo

8-6utHoe apudmeTuko-nornyeckoe yctponctso (ALU) MoxeT BbINOMNHATbL apudMeTudeckMe onepauum
CNOXEHWs!, BblUNTAHUSA, YMHOXEHUS U feneHusd; norudeckme onepauum U, UMW, ucknovarowee UINA, a tarke
onepaumy LMKNMYecKoro caBura, cbpoca, MHBepTMpoBaHMs U T.n. K Bxogam MOAKMYEeHbl MNpOrpaMmHoO-
HefoCTynHble pernctpbl T1 1 T2, npegHasHa4YyeHHble A4S BPEMEHHOMO XpaHeHUa onepaHaoB, cxema AeCATUYHOWN
koppekuum (DCU) n cxema chopMmnpoBaHnsi NpU3HaKoB pesynbTaTta onepauumn (PSW).

3 g
_ <«—» P0.0
PO Q_P_O'1
RPM | PC z
EPROM QE ST «—» PO.7
(4K*8) % DPTR g
DPH
5 «—» P20
P> <« P21
RDM ] RAR g "'
RAM ] «—» P27
(1288) - SP g
{> B <« P10
7 e
«— P17
PSW ALU DCU
A
T e e
YnpaBneHue T1 A B
s [ ji 1 1
PSEN « «— P3.0
8 «— P3.1
ALE/PROG - @ — P3[ ..
< MOK MpepblBaHWiA, TaMMEpPOB
_ culIr 1 nocneaoBaTenbHOro nopta — P37
EANPP
—»
PCON| TMOD| TCON| SCON
RSTNP_»D Timer O
IE
\ THO TLO «—— +lUcc
XTALT —» SBUF
0SC N Timer 1 «— GND
XTALZ —> - TH1 | TLA

Puc. 1. CmpykmypHasi cxema MukpokoHmpornepa KM1816BE51
MpocTenwasa onepauunsa crnoxeHua ucnonbdyetcs B ALU ons MHKpeMEHTUPOBaHUS COAEPKUMOro PermcTpos,
NPOABWXEHUsT pernctpa-ykasaTens pdaHHelx (RAR) M aBTOMaTMyeckoro BbIMMCIIEHMS Ccriedylowero agpeca
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pesngeHTHoONW namatu  nporpamm. [lpocTenwass onepauus  BbluMTaHus  ucnonbdyetca B ALU  anga
OEeKpeMEeHTUPOBaHUSA PErMcTPOB U CPaBHEHNSI NEPEMEHHbIX.

MpocTtenwmne onepauun asToMaTMyeckn obpasyloT “TaHAeMbl” ANs BbINOMHEHUST TakMX oOnepauun, Kak,
HanpuMMep, WHKPEMEHTMPOBaHME 16-OMTHbIX perucTpoBbix nap. B ALU peanuayeTcsas MexaHU3M KacKagHOro
BbIMOMHEHNS NMPOCTENLUNX onepauuin Ans peanusaumun CroXHbIX KoMaHg. Tak, Hanpymep, Npu BbIMOSTHEHUN OOHOW
N3 KOMaH[, YCITIOBHOW nepeaayun ynpasneHna no pesynbTtaTty cpaBHeHna B ALU Tpmxkabl MIHKPEMEHTUPYETCA CHETUYMK
komaHg (PC), gBaxabl npou3Boautcs 4teHne u3 RDM, BbInonHseTcs apugmeTnyeckoe CpaBHEHME [OBYX
nepemMeHHbIX, hopmmpyeTcst 16-OUTHBLIN agpec nepexona U NPUHUMAETCS peLLeHne o TOM, AenaTtb UM He aenaTtb
nepexopg no nporpammMe. Bce nepeyncrieHHble onepauum BbIMOSHSOTCSA BCEro MMLLb 3a 2 MKC.

BaxHon ocobeHHocTbio ALU saBnsieTca ero cnocobHOCTb onepupoBaTbh He ToNbko GanTtamu, HO 1 BuTamu.
OtaenbHble NPOrpaMMHO-AOCTYMHblE OUTbI MOryT ObiTb YCTaHOBMNEHbI, COpPOLUEHbI, MHBEPTUPOBaAHbLI, NepeaaHsbl,
npoBepeHbl U UCMONb30BaHbl B fIOrMYECKMX ornepauusax. 3Ta CNocOOHOCTb AOCTATOMHO BaXKHa, MOCKONbKY ANS
yrpaBneHuss obbekTamm 4acTo NPUMEHSAOTCHA anropuTMbl, coaepXallme onepauun Hag BXOAHbIMU U BbIXOAHbBIMU
OyneBbIMW MEpPEMEHHbIMKY, peann3aLms KOTOPbIX CPeacTBaMuM OObIYHBLIX MUKPOMPOLIECCOPOB COMpsKeHa C
onpeaeneHHbIMU TPYOHOCTAMMN.

Taknum obpasom, ALU moxeT onepupoBaTb YeTbIpbMsl TUNaMM MHAOPMAaLMOHHBIX 00bekToB: OyneBbiMu (1
ouT), umncpoBbiMn (4 Guta), GanTHBIMKM (8 GUT) U agpecHbiMu (16 6uT). B ALU BbinonHsieTca 51 pasnuyHas
onepauusi NepecbINniki UM npeobpasoBaHns 3TUX AaHHbIX. Tak kak ncnonbdyetca 11 pexumor agpecauum (7 ons
OaHHbIX U 4 Ons agpecos), TO MyTeM KOMOWMHMPOBaHMSA onepauuy M pexuMma agpecaumm 6asoBoe 4MCcrio KoMaHg
111 pacwmpsieTca 0o 255 n3 256 BO3MOXHbIX NPy 0AHOOANTHOM KoZe onepauun.

2.1.3.Ha3HauyeHue BbIBOAOB MUKPOKOHTpossepa 8051.

P1oOdO 1 o 40 [ Vcc
Pl.1 OO 2 39 & P0.0 (ADO)
P12 3 38 @ P0.1(AD1)
P130 4 37 B P0.2 (AD2)
P1403 5 36 [ P0.3 (AD3)
P15 6 35 @ P0.4 (AD4)
Pl.6 ™ 7 34 [ P0.5 (ADS)
P17 8 33 @ P0.6 (AD6)
RESET O 9 32 [@ P0.7 (AD7)
(RxD)P3.08 10 31 B EA/Vpp
(TxD)P3.1 4 11 30 @ ALE/PROG
(INTO)P3.2 O 12 29 [ PSEN
(ANTT) P33 O 13 28 @ P2.7 (A15)
(TO)P3.4g 14 27 B P2.6 (Al4)
(THP35 15 26 @ P2.5(A13)
(WR)P3.6 O 16 25 @ P2.4(A12)
(RD)P3.7 g 17 24 3 P2.3 (Al11)
XTAL2 3 18 23 & P2.2 (A10)
XTAL1 O 19 22 @3 P2.1(A9)
Vss ] 20 21 @ P2.0 (A8)

Puc. 2. HasHayeHue ebisodos 8051.

OB603HayYeHns Ha 9TOM PUCYHKe:

e Uss — noTeHuman obuero npoeoaa ("3emnun");

e U, — OCHOBHOE HanpsikeHne nutaHua +5 B;

e X1,X2 — BbIBOAbI AN NOAKITHOHYEHNS KBApLLEBOro pe3oHaTopa;

e RST — Bxop o6uero cbpoca MUKPOKOHTPOINEPA;

e PSEN — paspelleHne BHELLHEN NaMATX NporpamMM; BblAaeTCsl TONbKO Npy obpalleHnmn K BHewHemy M3Y;

e ALE — cTpob agpeca BHeLLHeN NamaTy;

e EA — OTKNIOYEHUE BHYTPEHHEW nporpaMMHON namATb, ypoBeHb O Ha 3TOM BxoAe 3acTaBnsieT
MUWKPOKOHTPOJINEP BbIMOSHATL NporpaMmMy ToNnbko BHelHee M3Y; urHopmpyst BHyTpeHHee(ecnu nocnegHee
nmeetcs);

e P1 — BOCbMM OMTHBIV KBa3W ABYHaNpaBSiEHHbIA NOPT BBOAA/BbIBOAA: KaXadbli pa3psag nopTa MoxeT ObiTb
3anporpaMMmMpoBaH Kak Ha BBOA, Tak M Ha BbIBOA WHGOPMAaLUKU, HE3ABUCUMO OT COCTOSIHUS OPYrnx
paspsaos;



P2 — BocbMM GUTHBIN KBa3u ABYHaNpaBreHHbIN NOPT, aHanornyHbi P1; kpome Toro, BelBOAbI 9TOro noprta
MCNonb3ylTca Ans Bblgayn agpecHor MHopMaumu npu obpalleHMn K BHELHEW NaMsTi nporpamm wnm
OaHHbIX (ecnu ucnonb3yetcst 16-6uToBas agpecauus nocrnegHen). BoiBogbl nopta mcnonb3yloTca npu
nporpammmnpoBaHn 8751 ana BBoAa B MMKPOKOHTPOIEP CTapLUnX pa3psaos agpeca:

P3 — BOCbMM OUTHbIN KBa3W ABYHAMNpPaBeHHbIN NOPT, aHanorMyHbli. P1; kpome Toro, BbIBOAbLI 3TOro nopra
MOTYT BbINOMHATL PS4 anbTepHaTUBHbIX (PYHKLUIA, KOTOpblE UCMOMb3YTCH Npu paboTe TariMepos, noprta
nocrieqoBaTenbHOro BBOAA-BbIBOAA, KOHTpOMNepa npepbiBaHUiA, U BHELLHEN NaMATU NporpamMM U JaHHbIX;
PO — BocbMn GUTHBLIN AByHanpaBneHHbIM NOPT BBOAA-BbIBOAA MHGOpMauun: npu paboTe ¢ BHELHUMU
O3Y u N3Y no nuHMsM nopTta B PeXMME BPEMEHHOIO MYNbTUMIIEKCMPOBAHUS BblAAETCS adpec BHELLHEWN
namsTu, NOCrie Yero OCyLLEeCTBNSETCA nepeaada unu npuem AaHHbIX.



3.0pranusaumnsa O3Y, MNM3Y n peructpoB MUKpPOKOHTporssepa 8051.
3.1.1.Mamatb nporpamm (M3Y).

Kak 1 y 60nbLIMHCTBA MUKPOKOHTPOJIIEPOB, Y MUKPOKOHTpOSNepoB cemenctea 8051, naMaTb nporpamm 1
NamsTb OaHHbIX SABMASKOTCA CaMOCTOATENbHBIMU M HE3aBUCUMbIMW APYr OT Apyra YCTpPoWCTBaMmu, agpecyemMbiMu
pasnMYyHbIMW KOMaHAaM1 1 YNPasnsAloLWUMN CUrHaNamm.

O6bem BCTPOEHHOW NaMATU NPOrpamMm, pacrnosioKeHHOW Ha KpucTanne MukpokoHTponnepa 8051 n 8751,
paBeH 4 Kb6aunt. Npn obpalieHnn K BHELWHEW MamMsaTU NPOrpamMm BCE MUKPOKOHTponnepbl cemenctsa 8051
BCceraa Ucnonb3yloT 16-paspagHbii agpec, 4to obecneumBaeT um goctyn k 64 Kbéawt MN3Y. MukpokoHTponnep
obpallaeTcs K nporpaMMHON NaMsaTu NPy YTEHUM Koda onepauun u onepaHaoB (UCnonb3ys cdeTynk komaHg PC),
a Takke npu BbINOMHEHMU KOMaHA nepeHoca 6anta u3 namsaTtu nporpaMmm B akkymynatop. [Npy BbInonHeHun
KOMaH nepeHoca AaHHbIX aapecauunsi s4eriku namatv NporpamMm, U3 KOTopon GyayT npountaHbl AaHHbIe, MOXET
OCYLLECTBNATLCA C UCNONb30oBaHMEM Kak cyeTtuuka PC, Tak u cneyunansHoro AByx6anToBOro perucrpa-ykasaTtensd
naHHbix DPTR.

3.1.2.NamATb gaHHbIX (O3Y).

O6bem pacnonoXXeHHOM Ha KpucTanne naMATM AaHHbIX—128 G6ant. O6bem BHeWHeWn NaMATU OaHHbIX
MoxeT gocturatb 64 Kbant. MNepeble 32 Ganta opraHm3oBaHbl B YeTbipe 6aHKka pernctpoB OOLLEro HasHa4YeHus,
0603HavyaeMbIx cooTBeTCTBEHHO H6aHk 0 — 6aHk 3. Kaxapbii n3 Hux coctout ns BocbMu peructpos RO — R7. B
nobo MOMEHT nporpaMmme OOCTYNEH TOMbKO OAMH BaHK permcTpoB, HOMEpP KOTOPOro COAEPXKUTCHA B TPETbEM U
YyeTBepTOM BUTax crioBa coCTosAHMSA nporpammel PSW (cM. Huxe).

OcTtaBlleeca agpecHOe MpPOCTPaHCTBO MOXET KOHUrypupoBaTbCs  pa3paboTuMkoM Mo  CBOEMY
YCMOTPEHMIO: B HEM pacnonaratlTcs CTeK, CUCTEMHble U Monb3oBaTenbckMe obnactu AaHHbix. ObpalleHne K
sYerikaM NaMsiTu AaHHbIX BO3MOXHO ABYyMS1 criocobamu. [NepBbii cnocob — npsamas agpecauuns ayenkm namatu. B
3TOM Crly4ae agpec siYerikn SIBMSIETCsl onepaHaoM COOTBETCTBYHOLIEN KOMaHabl. BTopowm cnocob — kocBeHHas
agpecaumsa ¢ nomoubto pernctpos RO nnu R1: nepen BbinoriHeEHMEM COOTBETCTBYHOLLEN KOMaHAbl B OOUH U3 HUX
[OJPKeH ObITb 3aHECEH afpec sYeliku, K KOTOpon Heobxoaumo obpaTuTbCs.

[na obpaleHns K BHELHEN NamMATU OaHHbIX UCMOSb3yeTCcs TONbKO KOCBEHHAsA agpecauusi C NMOMOLLbH
pernctpoe RO n R1 unu ¢ nomowbio 16-paspsgHoro peructpa-ykasatend DPTR. OH oTHocuTcs Kk rpynne
perncTpoB creuunanbHbIX QYHKLNA, U C ero MOMOLLLbI0 MOXHO aapecoBaTh Bce 64 KbanTa BHelLHeN namMaTu.

UacTb namaTM AaHHbIX npeactaBnseT cobor Tak HasbiBaemyo O6uToByto obnactb, B Hell uMmeeTtcd
BO3MOXHOCTb NpWY NMOMOLLM cheLumanbHbiX BUTOBLIX KOMaH, aApecoBbIBATbCS K KaXAOMy paspsay sveek namartu.
Appec npamo agpecyembix 6uToB MOXeT ObiTb 3anucaH nubo B Buae (Agpec bawta ).(Paspsg), Hanpumep
BblpaxkeHne 21.3 o3HayaeT TpeTu paspsaj sderiku namatu ¢ agpecoMm 21H, nnbo B Buae abcontoTHoro 6utosoro
agpeca. CooTBeTCTBME 3TUX OABYX CNOCOBOB agpecaumm MOXHO onpeaenutb no tTabnumue.

Anpec

6aunTa
Adr (D7 |D6|D5|(D4|D3|D2|D1|DO0
2FH |7F |7E|7D|7C|7B|7A|79 |78
2EH |77 |76 |75|74|73|72|71|70
2DH |6F |6E |6D |6C | 6B |6A |69 | 68
2CH |67 |66 |65|64|63|62|61]|60
2BH |5F |5E|5D |5C|5B|5A |59 | 58
2AH |57 |56|55|54|53|52|51]|50
29H |4F |4E|4D|4C|4B|4A |49 |48
28H (47|46 |45|44 43|42 |41 |40
27H |3F|3E|3D|3C|3B|3A|39|38
26H |(37|36|35|34|33|32|31|30
25H |2F |2E|2D|2C|2B|2A |29 |28
24H |27(26|25|24|23|22|21|20
23H [1F|1E|1D|1C|1B|1A| 19|18
22H (1716|1514 |13 |12|11|10
21H |OF |OE |0D|0C|0B|0A |09 |08
20H (0706|0504 |03|02|01]|00

Appeca 6uToB no paspsgam

Tabnuuya.1. Adpeca 6umossix obnacmed namsamu MUKpoKoHmposinepa 8051
NMPUMEYAHUE. Agpec npsiMo agpecyemMbix GUTOB MOXET ObiTb 3anmMcaH nMbo B BuAe BbipaxkeHus (Agpec

bawvita ).(Paspsg), Hanpumep BblpaxkeHue 21.3 o3Ha4yaeT agpec TpPeTbero paspsiga suYeriku namsatv ¢ agpecom
21H, nu6o B Buae abcontoTHOro BUTOBOro agpeca, KOTopbI ANg AaHHOro 6uta paseH (cm. Tabnuuy) 0B.
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3.1.3.PerucTpbl cneymnanbHbIX hyHKLUNA.

NMPUMEYAHUE. Appec npsmo agpecyeMbix OGUTOB MOXeT ObiTb 3anmcaH Nnbo B BMAE BblpaXKeHUst
(HaseaHue Peructpa ).(Pa3psig), Hanpumep BblpaxkeHne SCON.3 o3HadaeT agpec TpeTbero paspsga perucrpa
SCON, n1bo B BMae abcontoTHOro OMTOBOro agpeca, KOTopbI AN AaHHOro 6uta paeeH (cM. Tabnuuy) 9B. Kpome
TOro, HEKoTOpble OUTHLI YNPaBNSKLWMX PErMCTPOB MMEKT COOCTBEHHbIE Ha3BaHWs, Tak Hampumep OaHHbIA 6uT
nmeeT HasBaHue TB8

Anpec Uma
GaiTa Agpeca 6uTOB Nno paspsgam perncrpa

Adr_|D7[D6[D5[D4[D3][D2[D1[D0| Name
FOH |F7|F6|F5|F4|F3|F2|F1[F0| B

EOH |E7[E6]E5|E4|E3|E2|E1][E0| ACC

DOH |D7|D6]|D5]D4|D3]D2[D1[D0| PSW

B8H | - [ - | - [BC|BB|BA[B9[B8| IP

BO |B7|B6|B5|B4|B3[B2[B1]B0| P3

A8H |AF] - | - [AC|AB[AA[AS[A8| IE

AOH |A7]A6]A5|A4[A3[A2[A1[A0] P2

98H |9F |9E[9D[9C|9B|9A |99 |98 | SCON

90H [97]96[95[/94]93[92[91]/90| P1

88H |8F |8E[8D|8C|8B|8A|89|88| TCON

80H |87/86[85[84[83|82(81[/80] PO

Tabnuua.2. Kapma adpecyembix 6umoe 8 brioke peaucmpos crieuuarnbHbIX oyHKUUU

3.1.4.PerucTtpbl cneymnanbHbIX GyHKLUNA.

K agpecHOMY NPOCTPaHCTBY NAaMATU AaHHbIX NPUMbIKAET aApeCHOEe NPOCTPaHCTBO PErMCTpPOB cneunarbHbIX

dyHkumi SFR (Special Function Register).

Appec| CumBon HanmeHoBaHue

OEOH| *ACC AkkymynsaTop (Accumulator)

OFOH *B Peructp pacwmputens akkymynsTtopa (Multiplication Register)

ODOH | *PSW CnoBo cocTtosHus nporpammel (Program Status Word)

080H *PO Mopt 0 (SFR PO)

090H *P1 Mopt 1 (SFR P1)

0OAOH| *P2 MopT 2 (SFR P2)

0BOH| *P3 Mopt 3 (SFR P3)

081H SP Pernctp ykasatens cteka (Stack Pointer)

083H| DPH CrapLumn 6anT peructpa ykasatens gaHHbix DPTR (Data Pointer High)
082H| DPL Mnagwwuii 6anTt pernctpa ykasatens gaHHoelx DPTR (Data Pointer Low)
08CH| THO Crapwun 6anTt Tanmepa 0 ()

08AH| TLO Mnapwwi 6ant Tamepa 0 ()

08DH| TH1 Crapwwun 6anTt Tanmepa 1 ()

08BH| TL1 Mnaglumin 6ant Tanmepa 1 ()

089H | TMOD | Peructp pexmmon TanmepoB cyeT4nkoB (Timer/Counter Mode Control Register)
088H | *“TCON | Peructp ynpaenexus ctatyca TanmepoB (Timer/Counter Control Register)
0B8H *IP Pernctp npuoputetos (Interrupt Priority Control Register)

0A8H *IE Pernctp mackn npepbiBanus (Interrupt Enable Register)

087H | PCON Pernctp ynpasneHunsi mowHocTbio (Power Control Register)

098H | *SCON | Peructp ynpaenexus npnemonepegatymkom (Serial Port Control Register)
099H | SBUF Bbydep npuemonepegatymka (Serial Data Buffer)

Tabnuuya.3. PasmeuweHue peaucmpos crieyuarnsHbiX oyHKYUl 8 npocmpaHcmee SFR
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lMpumeyarue. PerncTpbl, CUMBOJT KOTOPbIX OTMeYeH 3Hakom (*), JonyckaloT agpecauuio CBOMX OTAENbHbIX
GUT NpY UCMONb30BaHNM KOMaHA, U3 rpynMbl KoMaHg onepauuit Hag GuTamu.

Agpeca, No KOTOpbIM pacronoXeHbl 3TN PerncTpbl, NpuBegeHsl B Tabnuue.

OTMeTMM, 4YTO perncTpbl 3aHUMatoT TONbKO 4YacTb 128-6aMTOBOro agpecHOro NpoCTpaHCcTBa. Te A4velku
namatu c¢ agpecamu 80H-OFFH, koTopble He 3aHATbI perncrpamu, U3NYecKn OTCYTCTBYIOT, Ha KpucTannax
MUKPOKOHTposnepoB cemericTea 8051 npu obpalleHnm K HUM MOXXHO MPOoYUTaTh NULLIL KOA KOMaHAbl BO3BpaTa.

Pernctpbl cneumanbHbixX OYHKLUA yNpaBnsaoT paboTon O6/10KoB, BXOASLLMX B MUKPOKOHTPOIIEP.

Pernctpbi-3aitenku SFR napannensHbix noptos PO...P3 - cnyxaT ans BBoga-BbiBOAa UHOpMaLMK.

e [lBe peructpoBble napbl ¢ mmeHamm THO, TLO u TH1, TL1 npeacrtasnsawT cobon peructpbl, OBYX
nporpaMMHo-yrnpasnsembiX 16-OUTHbIX TaNMepPOB-CHETUNKOB.

Pexumbl TanmepoB-CHETUMKOB 3adaloTCA C ucnonb3oBaHuem peructpa TMOD, a ynpaeneHue umu
ocyllecTBnseTcd ¢ nomolbto pernctpa TCON.

[nsa ynpaBneHuns pexxumamu aHepronotpebneHus mukpo-3BM ucnonsayetcs pernctp PCON.

Pernctpebl IP 1 IE ynpaenstoT paboTon cucteMbl npepbiBaHU MUKpo-OBM,

pernctpbl SBUF n SCON — paboToli npuemonepenaTymka nocneaoBaTesnibHOro nopra.

Pernctp-ykasatenb cteka SP B Mukpo-OBM paccmaTprBaemMoro cemenctsa — BOCbMU OUTHbIN. OH MOXeT
agpecoBaTb Nobyo 06nacTb BHYTPEHHEN NaMsTU aHHbIX. B oTnvumne ot mukponpoueccopa KP580BMS8O0,
y Mukpo-OBM cemelictBa 8051 cTek «pacTeT BBepX», T.e. nepes BbinosiHeHnem komanabl PUSH v CALL
cogepxmmoe SP  MHKpeMeHTUpyeTCsl, Mocne 4Yero npou3BOAUTCA 3anncb WHQopmMaumm B CTek.
CoOTBETCTBEHHO NpWU M3BREYEeHUM UWHGopMauMm u3 cteka peructp SP  gekpemeHTupyeTcs nocne
usBneyeHnss nHdopmaumn. B npouecce uHnumanusaumm mMukpo-OBM nocne curHana cbpoca unu npu
BKIMIOYEHMM NuTaloLero HanpsbkeHnsa B SP 3aHocutes ko 07H. 3To 03HavaeT, Y4To NepBbIn 3NeMeEHT cTeka
OyneT pacnonaratbcs B siuenike namaty ¢ agpecom 08H.

Pernctp-ykasatens pgaHHbix DPTR 4awe Bcero wucnonb3ytoT ans dukcaumm 16-6utHoro agpeca B
onepaumsix obpalleHns K BHELLHEN NaMsTX NPOrpaMm 1 gaHHbIX. C TOYKM 3peHMst NporpaMMmncTa OH MOXeET
BbICTYNaTb Kak B BuAe OAHOro 16-6utHoro perucrtpa, Tak U B BUAe OBYyX He3aBMCUMbIX pernctpoB DPL un

DPH

o Axkymynsatop (ACC) sBnseTca MCTOYHUMKOM onepaHAa U MecToMm dukcauun pesynbtata npu BbINOSHEHUM
apndmMeTUYeCKMX, NOrMYeckux onepaumi u psga onepauui nepegadn AaHHbix. Kpome Toro, TOnbko €
UCNONb30BaHNEM aKKyMynaTopa MOryT OblTb BbIMOMHEHbl Onepauun COBUIOB, MNPOBEpKa Ha Hynb,
dopmMupoBaHve dnara naputeta n T.n. B pacnopsikeHun nonb3oBaTens mmetotcs 8 permctpos obuiero
Ha3HauyeHnss RO—R7 ogHoOro m3 4eTbIp€x BO3MOXHbLIX GaHKOB. pyu BbIMONTHEHUM MHOTMX Komang B AJlY
dopmupyeTca psg Npu3HaKoB onepaumm (naroe), kotTopble UKCHMpyOTCa B peructpe PSW.

Pernctp B wucnonb3yeTcs Kak WCTOYHUK WU KaK MPUEMHMK MNpU Onepauusax YMHOXEHUS W OeneHus,
obpalleHre K Hemy, Kak K pernctpy SFR, nponsBoanTcs aHanormyHo akkymynsiropy.

Mpu BbINONHEHUN psifa KoMmaHg B apudmeTuko-norndeckom yctpounctse (AJTY) cdopmupyroTca npusHakm
onepauui — cpnaru, Kotopble dmkcupytoTcs B pernctpe PSW.

3.1.5.Peructp donaros (PSW).

CumBon| Mo3uuyusn Ama n Ha3HaYeHue
= PSW 0 dnar npuopuTeTa. YcTaHaBnmBaeTcs U copacbiBaeTcst annapaTypHO B KaXKOOM LMKIEe KOMaHabl
) 1 (prKCUpyeT HeYEeTHOE/HETHOE YMCIO eANHUYHBIX BUT B aKKyMyrnsiTope
- PSW.1 He ncnonbayertcsa
oV PSW 2 dnar nepenonHeHus. YctaHaBnmeaeTcs u cbpacbiBaeTcs annapaTtypHo Mpu BbINONHeHUM
apudMeTUYEeCKMX onepaunn
BuTbl BbIGOpa ncnonb3yemoro 6aHka pernctpoB. MoryT 6bITb U3MEHEHbI MPOrPaMMHbBIM MyTeM
RSO0RS1|baHk{ paHuubl agpecoB O3Y
RSO- | PSW.3 - 0[(0] 0 00H - O7H
RS1 PSW .4 110[1 08H - OFH
011 2 10H-17H
11 1 3 18H - 1FH
Fo PSW 5 ®dnar nonb3oBartensi. MoxeT 6bITb yCTaHOBIEH, COPOLLEH MM NPOBEPEH NPOrpamMMon
nonb3oBaTens
dnar BcnomoraTenbHOro nepeHoca. YcraHaBnmBaeTcs U copacbiBaeTcsl TONbKO annapaTHbIMU
AC PSW.6 cpencTBamm Npu BbIMOSTHEHUM KOMaHZ, CIIOXKEHUS N BbIYUTAHUA N CUTHANM3MpyeT O nepeHoce
unu 3aeme B bute 3 akkymynsaTopa
C PSW 7 dnar nepeHoca. YcTaHaBnmBaeTcs U copacbiBaeTCs Kak annapaTtypHo, Tak U MporpaMMHbIM
nytem

Ta6nuuya.4. Nepeders hriazos, UX CUMBOSIUYECKUE UMEHA U YCII08UsT (hOPMUPOBaHUSI
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Hanbonee “aktmBHbIM” pnarom PSW saBnsetcsa ¢nar nepeHoca, KOTOPbIA MNPUHMMAaET yyactue Wu
MoamduLmpyeTcs B npolecce BbINOMHEHUS MHOXECTBAa Ornepauuii, BKMNYas CIOXEHWe, BbluMTaHWe U CABUIN.
Kpome Toro, conar neperHoca (C) BbINOnHAET dyHKUUKM “OyneBa akkymynsaTopa” B KOMaHAax, MaHUMynmpylowmnx ¢
outamu. dnar nepenonHexHus (OV) dukcnpyeT apndmMeTMdecKkoe MNepenosiHeHNe npu onepaumsix Hag UerbiMu
yucrnaMmm CO 3HaKOM M JenaeT BO3MOXHbIM WCNONb3oBaHWEe apudmeTWku B OononHuUTernbHbIX kopjax. ALU He
yrnpaensaeT cdnaramu cenekumm 6arka permctpo (RS0, RS1), ux 3HauyeHne NOnHOCTLIO ONpeaensieTcst NpuknagHomn
NporpaMmMon 1 ncnonb3yeTcs Ans Beibopa 0gHOro U3 YeTbIpEX PermcTpoBbIX OaHKOB.

B mMukponpoueccopax, apxutektypa KOTOpbIX ONMMPaeTCs Ha akkyMmynsitop, 60MnbLWMHCTBO KOMaHa paboTtatoT ¢
HUM, UCNonb3ysa HesiBHYO agpecauuio. B Intel 8051 geno o6ctont MHave. XoTa NpoLeccop MMEET B CBOEN OCHOBE
aKKyMynsaTop, OH MOXEeT BbIMOMHATE MHOXECTBO KOMaHA u 6e3 ero yyactus. Hanpumep, OaHHble MOryT 6bITb
nepegaHbl U3 nodon suverkn RDM B nobon pernctp, niobon pernctp MoxeT BbiTb 3arpyXeH HernocpeaCTBEHHbIM
onepaHaoMm u T.4. MHorue norudeckme onepauum MoryT ObiTb BbiNOMHEHbI 6e3 ydyacTua akkymynartopa. Kpome Toro,
nepeMeHHble MOryT OblTb MHKPEMEHTMPOBaHbI, OEKPEMEHTMPOBaHbI U nNpoBepeHbl 6e3  MCnonb3oBaHUA
akkymynaropa. dnaru 1 ynpasnsioLime 6utbl MOryT 6biTb MPOBEPEHBI U UI3MEHEHbI aHaNOrM4HO.

3.1.6.YcTpoMCcTBO ynpaBneHusi U CUHXPOHU3aLUun.

KBapueBbIi pe3oHaTop, MNOAKMYaeMbIi K BHELWHMM BbIBOAAM MWKPOKOHTpOssiepa, ynpasnsieT paboTon
BHYTPEHHEro reHepatopa, KOTOpPbIN B CBOK ouvepedb GOPMUPYET CUrHanbl CUHXPOHM3aUMWU. YCTPOMCTBO
ynpaeneHuss (CU) Ha OCHOBe CuUrHanoB CUMHXpPOHU3aUun (opMUpYeT MaLUUHHBIA LMK (OUKCUPOBAHHOM
OnNuTenbHOCTK, paBHOW 12 nepuogam pesoHaTopa. BonbLUMHCTBO KOMaHA MUKPOKOHTpOMNepa BbINOMHAETCS 3a
OOMH MalUWHHBIA Uukn. HekoTopble komaHAbl, onepupylolwme ¢ 2-6anTHbIMM CriOBaMW UMM CBA3aHHbIE C
obpalleHreM K BHELWHeW MNaMAaTW, BbINOMHATCHA 3a [ABa MalUMHHbIX UMKna. TOnbKO KOoMaHnAdbl AerieHus u
YMHOXeHUS TpebyloT u4eTbipex MalMHHbIX UMKIoB. Ha ocHoBe aTux ocobeHHocTer paboTbl yCTpoOMCTBa
ynpaBrieHnst TPON3BOANTCS PACYET BPEMEHUN NCMOSTHEHMS MPUKITagHbBIX NPOrpamm.

Ha cxeme MMKpOKOHTponnepa K yCTPOMCTBY yrnpaBneHusi npumbikaeT permctp komaHg (IR). B ero cpyHkumio
BXOAMWT XpaHeHue KoAa BbINOMHAEMON KOMaHabl.

BxoaHble 1 BbIXOA4HbIE CUrHaMbl YCTPOWCTBA YNPaBNeHUs U CUHXPOHU3aUMK:
PSEN — paspelueHne nporpaMMHON NamsTH,
ALE - BbIxogHOW curHan paspelueHus ukcalmm agpeca,
PROG - curHan nporpaMmmMmvMpoBaHus,
EA — 6noknpoBka paboTbl C BHYTPEHHEN NAMSATHIO,
VPP — HanpsikeHne nporpaMMmnpoBaHus,
RST — curHan obuwero cbpoca,
VPD - BbIBOA pe3epBHOro NUTaHNA NaMATN OT BHELLHEro UCTOYHMKA,
XTAL — Bxogbl NOSKITOMEHUSA KBapLIEBOro pe3oHaTopa.

3.2.0praHusaumsa NOpToB BBOAA BbIBOAA MUKPOKOHTponnepa 8051.
3.2.1.06wme cBegeHUs.

o KonunyecTtBo nopTtoB. - 4. HassaHue - P0...P3, oHV agpecyoTcs Kak permcTpbl cneumanbHbIX PyHKLWA.
Pa3psaHOCTb - 8 ¢ BO3MOXHOCTbLIO NOBUTHOW aapecaumm pa3psaos.
HanpasneHve obmeHa vHdoOpMauueln 4vepe3 MopTbl - BCe MOPTbl ABYHanpasrieHHbIE, MPUYEM UMEETCS
BO3MOXHOCTb B Ka>KAOM MOPTY YacTb pa3psaoB NCMONb30BaTh ANS BBOAA AaHHbIX, @ YacTb AN BbIBOAA.

3.2.2. AnbTepHaTUBHbIE (PYHKLMWN.

M3-3a OorpaHM4eHHOro Konun4yecTtesa BbIBOOOB Kopnyca MMC MUKPOKOHTpOInepa, OONbLUMHCTBO BbLIBOLOB
Ncnonb3yeTcAa AnA BblMOJIHEHUA OBYX d)yHKLI,I/IIZ - B Ka4ecTBe NNHUN NnOopTOB U ANA albTepPHATUBHbIX d)yHKLI,I/IIZ

e [optbl PO n P2ucnonbaytotca npu obpalieHnn K BHewwHen namatu. [pu aTom Ha Bbixogax PO mnagwwuin
©anT agpeca BHelHeW NaMsATU MYNbTUNIEKCUPYETCA C BBOAMMBbIM/BbIBOAMMBbIM GanTom. Bbixoabl P2
cogepxart crapwui 6anT agpeca BHelWHeW namsaTu, ecnu agpec 16-paspsagHbii. Mpyu Mcnonb3oBaHum
BOCbMMpPa3psgHoOro agpeca noptom P2 MOXHO Monb3oBaThCs A4S BBOAA-BbIBBOAA MHGOPMALMN OObIYHBIM
obpasom. [lpu obpaiwieHun Kk BHewHen namaTm B PO aBTomMaTuyeckm 3aHocsaTcs 1 BO BCe OMUTHI.
WHpopmaums B P2 npu aToM ocTaeTca HEM3MEHHOMN.

e [lopTt P3 nomumo 06bIMHOrO BBOAA U BbiBOAA MH(pOpMaLIMM UCMONb3yeTcs Ans (POPMUPOBAHUA U Npuema
crneumanbHbIX ynpaBngaowmx U MHEGOPMAaLMOHHbBIX curHanoB. Paspsagbl nopTa (BCe WM 4acTU4YHO) npwu
3TOM MOTYT BbIMNOMHATL CreayloLlimMe anbTepHaTuBHbIE PyHKLUN:

AnbTepHaTMBHbIE (PYHKUMM MOTyT OblTb aKTMBMPOBAHbLI TOMBKO B TOM Clly4ae, €Civ B COOTBETCTBYHOLUMNE
6uTel nopta P3 npegBaputenbHo 3aHeceHbl 1. Hewucnonb3yemble anbTepHaTUBHbIM 06pa3oM paspsigbl MOryT
paboTaTb Kak 00bI4YHO.
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BbiBoa nopTta AnbTepHaTBHasa hyHKUMA

P3.0 RXD - Bxog nocrnegoBaTtenbHOro nopta

P3.1 TXD - BbIXxog nocnegoBaTenbHOro noprta
P3.2 INTO - BHelHee npepbiBaHue 0

P3.3 INT1 - BHellHee npepbiBaHue 1

P3.4 TO - Bxoa Tanmepa-cyeTumka 0

P3.5 T1 - Bxoa Tanmepa-cyeT4mka 1

P3.6 WR - cTpob 3anncu BO BHELLHIOW NaMsiTb AaHHbIX
P3.7 RD - cTpo6 YTeHUs1 U3 BHELLHEN NaMSTU JaHHbIX

3.2.3.YcTpOMCTBO NOPTOB.

Kaxxabln n3 nopToB cogepxut pernctp-3awtenky (SFR PO — SFR P3), BbixogHyto Lenb 1 BxogHowm 6ydep.
ADF/ T4 ENTR Ty

FiENLE
JFR

Swownn L
{ﬁl’* ey Farfod
Jonues 8 35F i
dmenue fuffafn |
Puc.3.llopm PO
. l Upp
Ymenie SFR
Fnymp
REeTyara
W,
i | o
Jorscs 8558 ) ¥ Botbad
I EHE
Ymenue Safadn
Puc.4.llopm P1
AfR  CNTR
ymaKye STR &

l ML
ot b [}

| E—

Yinenus Swloda

Puc.5.llopm P2
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Agsmzpromifrsd
CUPRER (Derkadesi)

dimggye Falody
ArsmeEgRITulasid cuzadst (Snddued)

Puc.6.MNopT1 P3

Ha pucyHke nsobpakeHbl (PyHKUMOHarbHbIE CXEMbl PErMcTpoB-3allenok u BydepoB BBOAa-BbIBOAA BCEX
noptoB Mukpo-OBM 8051. Kaxabii us paspagoB pernctpa-sauwenku SFR asnsetca D-tpurrepom, nHgpopmaumsa B
KOTOPbIN 3aHOCUTCS C BHYTPEHHEN LUMHbI AaHHBLIX MUKPOKOHTponnepa no curHany «3anuck B SFR Px» (x= 0, 1, 2,
3) oT ueHTpanbHoro npoueccopHoro anemMeHTa (CPU). C npsamoro Beixoaa D-Tpurrepa uHgopmaums maxeT ObiTb
BblBE[leHa Ha BHYTPEHHIOI0 WKHY no curHany «4YteHne SFR Px» ot CPU, a ¢ BbiBOAa MUKPOCXEMBI («U3 BHELLHETO
Mupa») no curHany «YteHve BbiBogoB Px». OgHM KOMaHabl akTMBM3MPYHOT curHan «YteHne SFR Pl», gpyrue -
«YTteHue BuiBOAOB Ply.

3.2.4.0C006EHHOCTH INEKTPUYECKUX XapPaKTEPUCTUK NOPTOB.

BobixogHble kackagbl TpurrepoB SFR noptoB P1 — P3 BbINONHeEHbI Ha NONEBbLIX TPaH3UCTOPax C BHYTPEHHEN
Harpyskom, B TO BpeMsi Kak aHanoruyHole kackagbl TpurrepoB SFR PO—Ha TpaH3ucTopax C OTKPbITbIM CTOKOM.
Kaxxgas nuHua nioboro m3 nopToB MOXET He3aBMCUMO MUCMONb30BaTbCs Kak ANd BBoAa, Tak M AN BbiBOAA
uHpopmaumm (anga nuHun noptoB PO n P2 310 cnpaBeanuBo Toraa, KOrga OHWM He UCMonb3ytoTes Ans obpalleHns
K BHELUHEN NamMsaTw).

IOna nepeeoga nwbon nuHum noptoB P1 — P3 B pexum BBOAa WHGOpMaumm HeobxoaMmo B
cooTBeTcTBYOWMA pa3psag SFR 3aHectu 1. Mpy 3TOM BbIXOOHOW NOMEBOW TPAH3UCTOP OTKIKOYaeTcs. BHYTpeHHU
Harpy3o4HbI Pe3nCTop Kak Obl «MOATArMBaET» MOTEHUMan BbIBOAA K HaMpsPKEHWIO MUTaHus, B TO BpeMs Kak
BHELIHAS Harpy3ka MOXeT cgenatb ero HyneBbiM. BbixogHble kackagbl nopta PO uMeET WMHYH CTPyKTypy.
Harpy3o4HbIn NONeBO TPAH3UCTOP JIMHUM MOPTa BKITHOYEH TONbKO TOrAa, Koraa nopT BbIBOAUT 1 npy obpalleHnn K
BHELUHEN NamsaTu. B ocTanbHbIX Cnyvasix Harpy3O4HbI TPaAH3UCTOP OTKMYeH. Takum obpasom, npu paboTe B
pexume 0O0bIMHOrO BBOAa-BbiBOAA MHQoOpMauun (kak, Hanpumep, nopT P1) BbixogHble kackagbl nopt» PO
npeacTaBnsloT cOBON CTyNeHW Ha TpaH3UCTopax C OTKPbITbIM CTOKOM. 3anucbk 1 B cooTBeTcTBylOWMA 6ut SFR
OTKMNYaeT M BTOPOW TPaH3UCTOP, YTO MPUBOAUT K TOMY, 4TO BbiBOA BUC okasbiBaeTcs nog «nnasatoLLmm»
noTeHLmManomM. 3To NO3BOMSET UCNONb30BaTh NUHUK nopTa PO kak BbIBOAbLI C BICOKO MMMNEOAHCHbLIM COCTOSIHUEM.
MockonbKy BbIXOAHbIE Kackaabl MOPToB P1 — P3 MMeIoT BHYTPEHHIOW Harpy3ky, npu nepesoje B pexum BBOAA
WHpOpMaLIMM OHN CTAHOBATCA MCTOYHUKAMM TOKa ANA MUKPOCXEMbI UMK TPaH3UCTOPa, HarpyXeHHbIX Ha JaHHbIN.

3.3.Tanmepsbl / cHeTYNKN MUKPOKOHTpOepoB cemencTsa 8051.

B 6a3oBbIx MoAensax cemMencrsa UMEKTCA ABa nporpammupyemMbiX 16-6uTHbIX Tarmepa/cyetuuka (T/CO un
T/C1), koTopble MOryT OblTb UCMOMb30BaHbl Kak B KayecTBe TaMepoB, TaK M B Ka4eCTBE CHETUMKOB BHELLUHUX
cobbiTun. B nepBom cnyyae copepxumoe COOTBETCTBYHOLLEro Tanmepa/cdeTumka (Oanee ans kpatkoctu T/C)
WHKPEMEHTUPYETCA B KaXAoOM MalUMHHOM LMKNe, T.e. 4yepe3 kaxable 12 nepuogoB konebaHui KBapLeBOro
pe3oHaTopa, BO BTOPOM OHO WHKpEMEHTUpyeTcHa nof BosgencTeveM nepexofa M3 1 B 0 BHELUHEro BXOOHOMO
curHana, nogaeaemoro Ha cootBetcTBytowmi (T0,T1) BeiBog Mukpo-OBM 8051. Tak Kak Ha pacno3HaBaHue
nepuoda TpebyloTca OBa MalUMHHBIX LMK, MakcumarnbHasi 4YactoTa nogcdeTa BXOAHbIX CUrHarnoB paBHa 1/24
YacToTbl pes3oHaTopa. Ha AnuTenbHOCTb nepvoga BXOAHbIX CUrHamoB OrpaHuYeHun cBepxy HeT. [ns
rapaHTMPOBAHHOIO MPOYTEHUS] BXOOHOW CUrHamn AOIDKEH yOepXuBaTb 3HadeHue 1, Kak MUHMMYM, B TeyeHue
OLHOMO MaLLMHHOTO LMKIa MUKpo-OBM.

[nsa ynpaBneHus pexumamu pabotbl T/C 1 ansa opraHusauum nx B3anmogencTemsi C CUCTEMOW NpepbiBaHUN
ucnonb3yoTcs ABa peructpa cneuunansHbiX @yHkumi (TMOD 1 TCON), onvcaHme KOTOpbIX NpUBEOEHO HUXKE.
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3.3.1.PerucTp pexuma pabotbl Tanmepal/cyetrunka TMOD

CumBon Mo3uuusa Ama n Ha3HayYeHue
TMOD 7 ans YnpaBneHue 6nokmpoBkon. Ecnu 6ut yctaHoBreH, To Tanmep/cyeTyunk "x" paspeLleH
GATE |T/C1 n 'I;M?)D.3 Ino Tex nop, noka Ha BxoAe "INTX" Bbicokuin ypoBeHb 1 6UT ynpasneHus "TRx"
nns T/ICO ycTaHoBreH. Ecnu 6ut cbpolueH, To T/C paspeluaeTtcs, kak TONbKO BUT ynpaBneHus

"TRX" ycTaHaBnmBaeTcs

TMOD.6 ans  [BuT BbibOpa pexuma TaMmepa unm cyetTumka cobbiTun. Ecnmn 6ut copolueH, To
C/T |T/C1unTMOD.2 [paboTaeT TaiMep OT BHYTPEHHENO MCTOYHMKA CUrHaNoB CUHXpoHM3auun. Ecnu;
ana T/CO  |ycTtaHOBMEH, TO paboTaeT CYHETYUK OT BHELLHUX cUrHanoB Ha Bxofe "Tx"

TMOD.5 ans Pexum paboTbli

M1 | T/C1uTMOD.1[M1[MO

ans T/CO 0 | 0 [Taiimep BE48. "TLx" paboTaeT Kak 5-6uTHbIN Npeaaenutens

0 | 1 [16 6GuTtHbIN Tamep/cyeTumk. "THX" n "TLx" BkNoYeH nocnegoBaTenibHO

110 8-6UTHBIN aBTO Nepesarpykaembin Tanmep/cyeTuumk. "THX" XxpaHuT 3HaveHue,

TMOD.4 gns KOTOpOE AOIMKHO BbITh NepesarpyxeHo B "TLx" kaxabii pa3 no nepenonHeHno
MO |T/C1wnTMOD.O Taiimep/cueTumnk 1 octaHaBnueaeTca. Taiimep/cyetumnk 0: TLO paboTaeT kak 8-
ana T/CO 111 OVTHBIN TaMep/cHeTUmK, 1 ero pexnm onpeaensieTcs ynpasnsaowmmm butamm

Tarimepa 0. THO paboTaeT Tonbko Kak 8 GUTHLIN TakMep, U ero PeXmnm
onpegensaeTca ynpasnstowmumm butamm tTarimepa 1

3.3.2.Peructp ynpaBneHusi/ctatyca taunmepa TCON.

CumBon|llo3nuus Ama n Ha3HaYeHue

TE1 | TcON7 Pnar nepenonHeHusa Tanmepa 1. YcraHaBnmMBaeTCcs annapaTHO Npu nepenonHeHnm
" [ramepal/cyeTymka. CopacbiBaeTcsi Npu 06Cny>XMBaHUM NPepbIBaHNS annapaTHO

But ynpaBneHus Tanmepa 1. YcraHasnumsaeTcs, / cbpacbiBaeTcsa nporpammMon ans

TR1 |TCON.6
nycka/octaHoBa

dnar nepenonHeHus Tanmepa 0. YctaHaBnmBaeTcs annapaTypHo. CbpackiBaeTcs npu

TFO [TCON.5
06CnyKMBaHUN NpepbIBaHMS

But ynpaBneHus tanmepa 0. YctaHaBnumsaeTcs / cbpacbiBaeTcs nporpaMmmMon Ans

TRO |TCON.4 o
nycka/ocTaHOBa TaniMepa/cyeTymka

dnar cbpoHTa npepbiBaHUus 1. YcTaHaBnMBaeTcsa annapaTtHoO, Koraa AeTekTupyeTcs cpes

IE1 | TCON.3 BHeLWHero curHana INT1. CopacbiBaeTcsi npy 00CNy>XKMBaHWUM NPEPbLIBAHMS

BuT ynpaBneHus Tunom npepbiBaHus 1. YctaHaBnmBaeTcs / cbpacbiBaeTcsi NporpaMmMHoO Ans

IT1 | TCON.2 cneumdukaumm 3anpoca INT1 (cpes/Hn3k1In ypoBeHb)

dnar cbpoHTa npepbiBaHus 0. YctaHaBnmaeTcs no cpesdy curHana INTO. CbpacbkiBaeTcs npu

IEO [TCON.1
06CnyK1BaHUN NpepbIBaHMS

But ynpaBneHus Tunom npepbiBaHus 0. YctaHaBnmBaeTcs / cbpacbiBaeTcsi NporpaMmMHoO Ans

IT1|TCON.0 cneundukaumm 3anpoca INTO (cpes/HU3kun ypoBeHb)

3.3.3.Pexnmbl paboTbl TaiMepOB-CHETHMNKOB.

Kak cneayet u3 onucanua ynpasnsowmx 6ut TMOD, ana o6oux T/C pexumbl paboTtebl 0, 1 1 2 ognMHaKOBBI.
Pexumbl 3 ana T/CO u T/C1 pasnunyHbl. PaccmoTpum kpatko paboty T/C B KaXXaoM 13 pexxmMoB.

Control
0SC N 12 3 C/T - INTR
o — o » TLy | THy » TFx —
Ty PIN + C/IT, 4
TRy [ & Mode 0: TL y (5 bit), THy (8 bit)
GATEx 1 Mode 1: TL y (8 bit), THy (8 bit)
INTyx PIN ———» x={0,1}

a - oruka pabotsl T/CO u T/C1 B pexxumax 0 u 1
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Control

0SC N 12 3 C/Ty=0 INTR
o — / : » TLy (8 bit)| TFx
Ty PIN + C/T, o -
TRx » & &
GATEy W 1 TH x (8 bit) [ "
INTyx PIN ———»
X={0,1}
0 - moruka pabotsl T/CO u T/C1 B pexxume 2
Control
INTR
o ! »THO (8 bit) ‘—v
TR1
Control
0SC 12 3 C/Ty= INTR
o o > TLO (8 bit) |——>] TFO |
Tx PIN + C/T o
TRX y &
GATEx g 1

INTx PIN—»

B - moruka pabotsl T/CO B pexxume 3
Puc.7. llocuka pabombi T/CO u T/C1e pexumax 0, 1, 2u 3

Pexxum 0.[Mepesog nto6oro T/C B pexum 0 genaet ero noxoxum Ha Tanmep KM1816BE48 (BocbMU OGUTHbIN
CUYETUMK), K BXOZY KOTOPOro noAKMYeH NATU-OUTHbIM NpeggenuTens YacTtotel Ha 32. PabGoty T/C B
pexume 0 Ha npumepe T/C1 wunniocTpupyet puc a. B atom pexume TalMepHbIn peructp wumeet
paspsgHocTe 13 6uT. [pu nepexoge w3 cocTosiHMA "BCe eauHuubl" B cocTodHue "Bce Hynn"
ycTaHaBnueaeTcs pnar npepbiBaHus OoT Tammepa TF 1. BxogHow cuHxpocurHan Tammepa 1 paspelueH
(noctynaet Ha Bxopg T/C1), korga ynpasnawowmn 6ut TR1 yctaHosneH B 1 nubo ynpasnstowmn 6ut GATE
(6nokmpoBka) paBeH 0, nnbo Ha BHeLHWW BbiBOA 3anpoca npepbiBaHua INT1 noctynaet ypoBeHb 1.
OTmeTMM nonyTHO, 4TO ycTaHoBka 6uta GATE B 1 nmo3BonsdeT ucnonb3oBatb TavMep OS1S U3MEPEHUs
ONUTENBHOCTU MMMYNBCHOMO CUrHana nogaBaemMoro Ha BXOZ 3anpoca npepbiBaHus.

Pexxum 1. Pabota nioboro T/C B 3TOM pexnme Takas xe, Kak U B pexxume 0, 3a UCKMOYEHNEM TOro, YTO
TanMepHbIA PErMcTp umeeT paspsgHoCcTb 16 6uT.

Pexxum 2. B atom pexmme paboTa opraHu3oBaHa TakMM oDOpa3oMm, YTO MepenosiHeHune (nepexon w3
COCTOSIHMA "BCE eAuHMLbI" B COCTOSIHWE, "BCe HYnKn") BOCbMWBUTHOro cyeTtyuka TL1 npuBoanT He TOMbKO K
yctaHoBke ¢dnara TF1 (cm. puc. 6), HO 1 aBTOMaTuMyeckn nepesarpyxaeT B TL1 cogepxumoe crtapLuero
oarnta (TH 1) TanmepHOro peructpa, KOTOpPOe NpeaBapuUTENbHO ObINO 3a4aHO MpPOorpamMMHbLIM MyTEM.
Meperpy3ka ocTtaBnsieT cogepxumoe TH1 HemsmeHHbiM. B pexunme 2 T/CO n T/C1 Takke pabGoTtatoTt
COBEpPLUEHHO OAMHAKOBO.

Pexxum 3. B pexume 3 T/CO n T/C1 paboTtatoT no-pasHomy. T/C1 coxpaHsieT HEU3MEHHbIM CBOE TeKylliee
copepxummoe. NHbiMu cnoBamu, adhdpekT Takoe xe kak u npu cépoce ynpasnsatowero 6uta TR1 B 0. Paboty
T/CO wnnioctpupyetr puc. B. B pexume 3 TLO u THO dyHKUMOHMPYIOT Kak [Ba HEe3aBUCUMbIX
BOCbMUNOUTHBIX cyeTuuka. Paboty TLO onpegenstoTt ynpasnstowme 6utsl T/CO (C/T, GATE TRO), BxogHom
curHan INTO u conar nepenonHeHus TFO. Paboty THO, KOTOpbIi MOXET BbIMOMHATE TOMbKO (PYHKLUM
TanMepa (NOACYHET MaLUMHHBLIX LMKIOB MUKpOo-OBM), onpeaenseT ynpasnstowmi 6ut TR1. Mpn atom THO
ucnonb3yeT donar nepenonHennss TF1. Pexnm 3 nucnonb3yeTcst B TeX crnydasx, korga TpedyeTtcs Hanvune
OOMOSHNUTENBHOIO BOCbMWU BMTHOrO Tanmepa nnv c4eT4mKa cobbiTun. MOXHO cuuTaTh, YTO B 3TOM peXUme
Mrkpo-OBM 8051 nmeeT B cCBoem cocTaBe Tpu Tanmepa/cueTtumka. B cnyyae xe, ecrim T/CO ncnonb3yeTcst
B pexume 3, T/C1 MOXeT ObiTb UK BLIKMOYEH, UM nepeBegeH B pexum 0, 1 unm 2, unm moxeT ObiTb
Mcrnonb30BaH NnocrneaoBaTeribHbIM MOPTOM B Ka4eCTBe reHepaTopa YacToThbl nepeaayn.
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B mMoaepHM3MpoBaHHbIX MoAEeNaxX MUKPOKOHTpornepoB cemernctea MCS-51 MoxeT umeTbca TpeTun Tanmep
cyetynk T/C2 u (nnm) 6nok nporpammHbix cHeTunkoB PCA, koTopble Toxe MOryT BbiTb MCNOMb30BaHbl A4S oTcYeTa
BPEMEHHbIX UHTEPBAaIIoB.

3.4.MocnepoBaTenbHbIN NOPT MUKPOKOHTpoOnepa 8051.

Uepe3 yHuBepcanbHbIi acuHXpoHHbIM npuemonepeaatynk UART (Universal Asynchronous Receiver-
Transmitter) ocyllecTBnsOTCA nNpyeMm M nepegadya vHdopmauun, npeactaBneHHOW nocrnefoBaTerbHbIM KOOO0M
(Mnagwumn 6utamum Bhnepen), B MOMHOM AynnekCcHOM pexume obmeHa. B coctaB npuemonepenatyuka,
Ha3bIBAaEMOro 4acTo nocrneaoBaTeribHbiM NOPTOM BXOAAT NPUHUMAIOLLMIA U Nepefalolni caBuratoLLme perncTpeol,
a Takke cneumanbHbii 6ydepHbi pernctp (SBUF) npuemonepenatyuka.

Kpome TOro, paboTown nocnegosaTensHOro NopTa ynpaensatoT ABa CnyXebHbIx perncrpa -

e Peructp ynpasnenus/ctatyca npuemonepegatynka SCON
e but SMOD peructpa ynpasneHus mowiHoctbio PCON

3anuck 6arita B Bydep NnpuBOAMT K aBTOMATMYECKOW Nepennucu BanTa B CABUratoLLmMi perncTp nepegarynka
W MHUUMMPYET Hayano nepefayn Ganta. Hanuuue OGydepHoOro permcrpa npuemHuka Mo3BOMsieT COBMeELLaTb
onepaumilo YTeHUs1 paHee NpUHATOro Gawmta C nNpMemMom o4depedHoro. Ho ecnn K MOMEHTY OKOHYaHWsi npuema
OanTa npeablaywmin He 61 cuntaH M3 SBUF, To oH OyaeT notepsiH.

MocnepoBatenbHbI NopT 8051 MoxeT paboTaTb B YETLIPEX Pa3NINYHbIX PEXUMaXx.

e Pexum 0. VHdpopmaumss n nepepaetcd, U NpuMHUMaeTCs Yepes3 BbiBog Bxogda npueMHuka (RXi TXi).
MpuHumatoTcs unu nepepgaetcst 8 GMT gaHHbIX. Yepes BbIBog Bbixoga nepepatumka (TXD; BblgaroTcs
UMMYNbCbl COBMWra, KOTOpble COMPOBOXAAKT Kaxabln 6ut. Yactota nepegaym 6uta MHgopmauum pasHa
1/12 yacToThl KBApLEBOro pe3oHaTopa

e Pexum 1. B atom pexume nepegatotca yepe3 BbiBog TXD wmnu npuHumarotcs depe3 RXD 10 6ut
uHpopmaumm: ctapt-6ut (0), 8 6GuT gaHHbIX 1 cTon-6uT (1) Npu npueme nHdopmauun B 6utT RB8 pernctpa
ynpaeneHus/ctatyca npuemonepenatynka SCON 3aHocatca cton-6ut CkopocTb npuema/nepegayun —
BENMYMHA NepeMeHHasi u 3agaeTcsl TanMepom.

e Pexum 2. B atom pexume uyepe3 BbiBog TXD nepepatotca mnu deped RXD npuHumatotcs 11 6ut
WHpopMaumm: cTapT-ouT, 8 BUT AaHHbLIX, NPOrpaMMMpPyeMbIN OEBATLIA OUT 1 cton-out. lNpu nepepadve
OEBATbIN  OWMT OaHHbIX MOXEeT npuHMMaTb 3HadeHne 0 wnm 1 wnu, Hanpumep, ANS MNOBbIWEHMWS
[OCTOBEPHOCTM nNepefayn nyTemM KOHTPOMsS MO YETHOCTM B HEro MOXeT ObiTb MOMELLEHO 3HadeHue
npusHaka napuTeTa M3 croBa cocTosdHus nporpammbl (PSW.0). lMNpun npueme [eBaATbin GUT AaHHbIX
nomewaetrca B 6utr RB8 SCON, a cron-6ut, B oTnuMune o1 pexuma 1, Tepsaetca. Yacrtorta
npuema/nepenaym BbibUpaeTca nporpamMmMon U MoxeT ObiTb paBHa nmbo 1/32, nubo 1/64 yacToTbl
pe3oHaTopa B 3aBUCUMOCTU OT ynpasnstowero 6uta SMOD.

e Pexum 3. coBnagaet c pexuMoM 2 BO BCeX AeTansiX, 3a WCKMYEHMeM 4acToTbl npuemal/nepenayu,
KOoTopasa siBMseTCA BeNMYMHON NepeMeHHON 1 3aaeTcs TauMepomM.

Bo Bcex crniyyasix nepegava MHULMANM3MpyeTcs MHCTPYKLMEN, B KOTOPOW AaHHble nepemewyatotcs B SBUF.
Mpnem nHMumManmnsmpyeTcs npu obHapyxeHun nepenaga n3 1 B 0 Ha Bxoge npuemHuka. Npu atom B pexume 0
3TOT NEPEXOA OOJPKEH COMPOBOXAATLCSA BbiMonHeHnem ycnosun R1 = 0 u1 REN= 1 (cm. Tabn. 8), a onsa octanbHbIX
pexumos - REN = 1.

3.5.PerucTtp ynpasneHusi/ctatyca npmemonepeaatymka SCON.

YnpaBsneHue pexumom paboTbl npuemonepenaTyMka OCYLLECTBRSETCA 4epe3 chneuuanbHbli perncTp ¢
cumMmBonuyeckum nmeHem SCON. OTOT perncTp CoaepXuT He TOMbKO yNpaBnslowme OUTbI, ONPEAENSOLNE PEXUM
paboTbl nocneaoBaTENbHOIO NopTa, HO U AEBSATLIN OUT NPUHMMAaeMbIX UNn nepegaBaemMbix AaHHbIX (RB8 n TB8) n
OuTbI NpepbiBaHusA npuemonepedatynka (R1un T1).

MpuknagHasa nporpamma NyTeM 3arpysku B ctapwimne outbl permctpa SCON gByxOGUTHOro koga onpegensiet
pexvMm paboTbl npvemonepedatyvka. Bo Bcex yeTbipex pexvmax paboTbl nepegaya MHULManNu3vpyeTtcst nodon
KomMaHzown, B KoTopon 6ydepHbii pernctp SBUF ykasaH kak nonyyatens 6avita. Kak yxe oTmedanocb, NpMem B
pexume 0 ocyuwectenseTcsa npu ycnosuu, 4To R1 = 0 u REN = 1, B ocTanbHbIX pexunmax - npu ycnosuu, yto REN
=1.

B 6ute TB8 nporpammHO ycTaHaBMnMBaeTCs 3HaYeHWe OeBATOro GuTa AaHHbIX, KOTOopbIn ByaeT nepegaH 8
pexume 2 unu 3. B 6ute RB8 B aTux pexumax gukcmpyeTcs AeBATbIA NPUHUMaEMbIn OUT AaHHbIX. B pexume 1 B
out RB8 3aHocuTcs cton-6ut. B pexxume 0 6ut RB8 He ncnonbayeTtcs.

dnar npepbiBaHua nepenatyuka Tl ycTaHaBnvMBaeTca annapaTHO B KOHLE nepuoa nepegayu cron-6muta Bo
BCcex pexumax. CooTBeTCTBytOLLaa noanporpammMa obcnyXnBaHus npepbiBaHnsa gormkHa cobpacbiBaTtb omt TL.

dnar npepbiBaHusa npvemMHuka Rl ycTaHaBnmBaeTcs annapaTtHO B KOHLE nepvoga npvema BoCbMoro bura
OaHHbiX B pexume 0 u B cepeavHe nepuoga npuema cron-6uta B pexumax 1, 2 u 3. [lMognporpamma
obcnyxXunBaHusa nNpepbiBaHUSA AormkHa copacbiBaTtb 6uT RI.
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3.5.1.®dyHKUMOHaNLHOE Ha3Ha4YeHne 6UT perncTpa ynpaBneHus/cratyca npmemonepeaarymka SCON.

CumBon|o3uuums Uma n HasHavyeHue
SMO |SCON.7| Butbl ynpaBneHus pexmmom paboTbl NpuemMonepenarynka. YcraHaBnmBatTcsa/copackiBaoTcst
nNporpamMmHo cM. NpumedaHue 1

SMO|SM1 Pexxum paboTbl npemMonepesarTymka
SM1 |scons 0[O Casuvralownm pernctp paclumpeHus BBoga/sbisoa
; 0 1 8 ObuTOBLIV NpuemMonepegaTyunk, n3mMeHsieMasi CKOpoCTb nepegaym

1 | 0 |9 6utoBbin npuemonepeaatynk. PukcMpoBaHHas CKOPOCTb Nepenayv
1 1 9 GMTOBLIN NpremMonepeaaTymK, UsMeHsieMasi CKOpOCTb Nepeaayn

sM2 |scons BuT ynpaBneHvsi pexxuMom npuemMonepeiatyvka. YcTaHaBnmBaeTcsi IPOrpamMmmMHoO AJs 3anpeTa
) npuema cooBLLEHUS], B KOTOPOM AEBSTHIN GUT MMeeT 3HaveHue 0

BuTt paspelueHus nprvema. YcraHaBnneaeTcs/copackiBaeTcsi TPOrpamMmmHO Aist

REN [SCON.4
paspeLleHus/3anpeTa npueMa nocneaoBaTenbHbIX AaHHbIX
TB8 |SCON. 3 Mepepaya 6uta 8. YcTaHaBnmBaeTcs/copacbiBaeTCs NporpaMMHO Ansi 3aaHust AEBATOro
nepegasaemMoro 6uta B pexunme 9-6MTOBOro nepegarymka
RB8 |SCON.2 Mpuem 6uta 8. YcTaHaBnmBaeTcs/copacbiBaeTCs annapaTHO ansa doukcauum OeBATOro
npuHMMaemMoro 6uta B pexxume 9-6MTOBOro NpUEMHMKa
T |scon. 1 ®nar MpepbiBaHNs NepeaaTymka. YcTaHaBnuBaeTcsl annapaTHO NPY OKOHYaHUW nepeaayn
barTa. COpacbiBaeTcsa NporpammMHO nocne obCnyxMBaHWsi NpepbIBaHUS
RI SCON .0 dnar npepbiBaHWs NPUEMHMKA. YCTaHaBNMBAETCS annapaTHO npu npueme GawnTa.
Cb6pacbiBaeTcs nporpammMHo nocre 00cnyxMBaHus NpepbiBaHNUs!

3.5.2.CkopocTb npuema/nepegayu nHcpopmaumm Yyepes nocreaoBaTeribHbIA MOPT.

CkopocTb npuema/nepegadn, T.e. YactoTa paboTbl Mpuemonepedatynka B PasnUYHbIX  pPeXuMmax,
onpeaensieTcs pasnuU4YHbIMU cnocobamum.
B pexxnme 0 yacToTa nepegaydn 3aBUCUT TOSNbKO OT PE30HAHCHOW YacTOoThl KBapLEBOro pesoHatopa f pes:
f=pr3/12.
3a MaWwWHHBLIN LMK nocriegoBaTtenbHbIA MOPT nepefaet oguH OuT mHdopmauun. B pexnmax 1, 2 u 3
CKOPOCTb npuema/nepegadn 3aBUMCUT OT 3HadeHus ynpaengawowero outa SMOD B pernctpe cneumarnbHbIX

dyHkumin PCON.

3.5.3.PerucTtp ynpaBnenus mowHoctso PCON.

CumBon| [Mo3uuusa HavmeHoBaHue n doyHKLuUsA
SMOD PCON.7 YaBoeHHasi CkopocTb nepenayn. Ecnv 6ut yctaHoBnNeH B 1, TO CKOPOCTbL Nepefayv BoBoe
) 6onbLue, yem npy SMOD = 0. Mo c6pocy SMOD = 0.
PCON.6 He ucnonbayetcs
PCON.5 He ucnonbayetcs
PCON.4 He ucnonbayetcs
GF 1 PCON.3 dnaru, cneuyuduumpyemMsle none3osarenem (pnarv obLlero HasHavyeHUs)
GFO PCON.2 ’
PD PCON.1 Byt noHwxeHHoM MowHocTu. NMpu yctaHoBke 6uTa B 1 Mukpo-OBM nepexoauT B pexum
) NOHWKEHHOW NOTPebnsaemMon MOLLLHOCTH
IDL PCON.O But xonoctoro xoaa. Ecnu 6ut yctaHosneH B 1, To Mukpo-OBM nepexoauT B pexum
XOII0CTOro xoga

Mpumeyanne. lNpu opgHoBpemeHHon 3anvcn 1 B PD wm IDL 6ut PD umeer npeumywiectso. Cbpoc
copepxumoro PCON BbinonHsaeTcst nytem 3arpy3ku B Hero koga 0XXX0000.
B pexume 2 yactoTa nepefadn onpeaenseTcs BblpaxeHuem

f =28M0Dpr3/64.

WHbiMK crioBamu, npn SMOD = 0 yactoTa nepegaym paBHa 1/64 yactotbl fpes, @ nom SMOD = 1 — 1/32

yacToThbl fpes.
B pexunmax 1 1 3 B hopMmMpoBaHMM 4acToThbl Nepegadn, Kpome ynpasnstowero 6uta SMOD, npuHumaet

yyacte Tanmep 1. Mpu aToM 4yactota nepedaqu f 3aBUCUT OT yacToThl nepenonHeHnsa f oy 1M onpegenseTcs
cnegytowym obpasom:

f=2$MODfOVT|_1/32

MpepbiBaHMe OT Tanmepa 1 B 3TOM cny4vae AOMKHO ObiTb 3abnokmpoBaHo. Cam xe Tanmep MoxXeT paboTtaTb
KaK B pexume TanMepa, Tak U B pexnve cyeTtumka. Homep pexnma (0, 1, 2) ponu He urpaet. Hambonee tunmyHo
NCnonb30oBaHWE €ro B pexume Tanmepa C aBTonepesarpy3kon (ctapwias Tetpaga TMOD = 0010B). MNpu stom

4YacToTa nepepgaydun onpenendaeTca BblpaXXeHnem:
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f = 25MPf4/(32x12x(256 —TH1)).

4 Tanmep/cyeTymk 1
actota npuema/nepegaym (BAUD | YacTtoTa pesoHaTopa Perm Mepesarpyxaemos
RATE) My SMOD [C/T (MODE) 4YnCIo
Pexunm 0, make: 1 My 12 X X X X
Pexum 2, makc: 375 Kru, 12 1 X X X
Pexum 1, 3: 62,2 Kru, 12 1 0 2 OFFH
19,2 Kry 11,059 1 0 2 OFDH
9,6 Kry 11,059 0 0 2 OFDH
4,8 Kru 11,059 0 0 2 OFAH
2,4 Kry 11,059 0 0 2 OF4H
1,2 Kry 11,059 0 0 2 OF4H
137,51y 11,059 0 0 2 1DH
110 My 6 0 0 2 72H
110 Ny 12 0 0 1 OFEEBH

Tabnuuya.5.Hacmpoika matimepa 1 dns ynpasneHus 4acmomoU pabomel puemornepedam4uka.

OTMeTMM, YTO CKOPOCTM NpMema u nepeaaydm MoryT pasnmyaTbCes.
MpenenbHO HU3KUX YacTOT Npuemonepesayn MOXHO AOCTUYbL MPU UCNONb30BaHWUM Tamepa B pexume 1 (16-
OVTHBIN TanMep) 1 paspeLleHun npepbiBaHun oT TanmMepa (ctapwuin nonybant TMOD = 0001B). Nepesarpyska 16-
OUTHOro TarMepa OoIMKHa OCYLLECTBNATLCSA NPOrpaMMHbIM NyTEM.

3.6.Cucrtema npepbiBaHMA MUKpPOKOHTponnepa 8051.

YnpollueHHasa cxema npepbiBaHuii Mukpo-OBM 8051 nokasaHa Ha pucyHke.

Apec

1 BeKkTopa
_ 0 m

INTO L|T0 iEol» 1 [ & | O003H
1 <
X §-

TFO »2 | & | 000BH
1 5
0 §

'ME Etl»3 | € | 0013H
1 a
X E

TF1 » 4 2 001BH
S
T :

- >5 | & | oozaH

Puc. 8. Cxema nipepbigaHudl.

BHewwHne npepbiBaHusa INT O u INT 1 moryT ObiTb Bbi3BaHbl MO0 ypoBHEM, NGO nepexoaom curHana us 1
B 0 Ha Bxogax 8051 B 3aBMCMMOCTM OT 3HayYeHwur ynpasnsowmx 6ut ITO n IT1 B pernctpe TCON. OT BHeLLHMX
npepbiBaHui  ycTaHaenueatotca dnarm IE0 mn IE1 B peructpe TCON, KoTOpble WHULMMPYIOT BbI3OB
COOTBETCTBYHOLLEN nporpammbl obcnyxmBaHus npepbiBaHuss. COpoc aTux praroB BbINOMHAETCA annapaTHO
TONMbKO B TOM Crydae, ecnv npepbiBaHvue 6bino Bbi3BaHO Mo nepexogy (cpesy) curHana. Ecnn xe npepbiBaHue
BbI3BAHO YPOBHEM BXOAHOrO curHana, To copocom dnara | gormkHa ynpaBnsiTb COOTBETCTBYOLLAA nognporpamma
obCcnyxMBaHUsi NpepbiBaHKS MyTEM BO3OENCTBUS HA MCTOYHUK NPEPbIBaHMS C LENbI0 CHATUS MM 3anpoca.

®narn 3anpocoB npepbiBaHus OT TanmepoB TFO n TF1 cbOpacbiBaloTcsi aBTOMaTMYECKM Npu nepepadve
yrnpaeneHus noganporpamme obcnyxuBaHus. ®dnarn 3anpocoB npepbiBaHus Rl u Tl yctaHasnuBaroTcs Grnokom
yrpaBsneHus npuemonepenaTymka annapatHo, Ho copacbiBaTbCA JOMKHbI MPOrpaMMHbIM NyTEM.

MpepbiBaHMA MOryT ObiTb BbI3BaHbl WM OTMEHEHbl MNPOrpaMMON, TakK Kak BCe HasBaHHble dnaru
NporpaMMHO OOCTYMHbI M MOTYT BblTh YCTAHOBMEHbI/ COPOLLEHBI MPOrpaMMOoKn C TEM Ke pe3ynbTaToM, Kak ecriv Obl
OHU BbINM YyCTaHOBIEHbI/COPOLLEHbI annapaTHbIMU CPEACTBaMM.
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B 6Gnoke peructpoB cneumanbHbIX OYHKUMIA €CTb OBa peructpa, npedHasHauvyeHHbIX ONns yrnpasneHusi
pexumom npepbiBaHui |[E n ypoBHaAMKU npuoputeta |P. BO3MOXHOCTL nporpaMmHoONn yctaHoBku/cbpoca noboro
ynpasngwoLero 6uta B 9TUX ABYX pernctpax genaet cuctemy npepbisaHuii 8051 ncknountensHo rmbkon.

B Gonee crnoxHbix MogmMduKaLmax MUKPOKOHTponnepoB cemerictBa MCS-51 konuuecTBo nepudepuiiHbIX
YCTPOWCTB yBENNYEHO, YTO NMPMBOAMT K HEOOXOAMMOCTU UCMONb30BaTh OAMH BEKTOP MPEepPbIBaHUSA A1 HECKOIBbKNX
YCTPOWCTB (pasderneHne nognporpaMmm OBChyKMBaHWS MpepbiBaHU B 3TOM crydae Heobxoaumo peanu3oBatb
nporpaMmMHo), Nnbo [obaBuTL eLle ABa perncTpa - pexxmmMa (Macku) 1 npuopuTeTa npepbiBaHUN.

3.6.1.PerucTp macok npepbiBaHus (IE).

CumBon|lo3nuyms Ama n Ha3HayYeHue
EA IE.7 CHaATME BrOKNPOBKM npepbIBaHMA. Cb6pacbiBaeTcs, nporpaMMHO Ans 3anpeTta BceX npepbiBaHui
He3aBMCcKMMO OT cocTosHun IE.4 - IE.O
IE.6 He ncnonbayetca
IE.5 He ncnonbayetca
ES E 4 BuT paspelueHns npepbiBaHUS, OT NpuemonepeaaTmka YcraHoBka/cbpoc nporpammon Ans
paspelueHuns/3anpeTta npepbiBaHuin ot dnaros Tl nnn Rl .
ET1 IE3 But paspelueHns npepbiBaHUSA OT Iaﬂmepva. YcTaHoBKka/cbpoc nporpammon ansd
paspeLleHuns/3anpeTta npepbiBaHUi OT Tanmepa 1
EXA IE.2 But paspelueHus BHelwHero npepbiBaHus 1. YcTtaHoBka/cbpoc nporpammon ans
paspeLleHunsi/3anpeTta npepbiBaHus 1
ETO IE.1 But paspelueHns npepbiBaHNSA OT Ialzmepva 0. YcraHoBka/cbpoc nporpammon ons
paspeLleHusi/3anpeTta npepbiBaHui oT Taimepa 0 .
EX0 IEO But paspelueHns BHelwHero npepbiBaHus 0. YcTtaHoBKka/cOpoc nporpaMmmon ans
paspeLueHunsi/3anpeTta npepbiBaHns 0

3.6.2.Peructp npuoputetoB npepbisaHuu (IP).

Cumson|lTo3uuunn Ama n Ha3Ha4veHue
- IP.7- He ucnonbayetcs
IP.5

PS P 4 BT npuoputeTa npuemonepeaaTymka. YcraHoBka/cOpoc nporpammMon asis npMcBanBaHms
NpepbiBaHWIO OT NpYemMonepegaTyvka BbICLLIEro/HU3Wwero npyopureTa

PT1 P 3 EVI:I' npuopuTeTa TanmMmepa 1. YcTaHoBka/cbpoc nporpaMmMon Ansi NpucBanBaHnS NpepbiBaHUO OT
Tanvepa 1 BbICLLIEro/HU3LWero npyoputeTa

PX1 P2 BuT NpruopuTeTa BHELLHEro npepbiBaHns 1. YcTaHoBKa/COpoC nporpaMmon ans npucBanBaHus
BbICLLEr0/HN3LIEro NpuopuTeTa BHELWIHEMY NpepbiBaHuio INT1

PTO P 1 EVI:I' npuoputeTa Tanmepa 0. YcTaHoBKa/cOpoc nporpaMmMon Ansi NpucBanBaHns NpepbIBaHUIO OT
TanmMepa 0 BbicLLEro/Hu3Lero npuopureTa

PX0 PO BuT npuoputeTa BHeLLHero npepbiBanus 0. YcTaHoBKa/cOpoc nporpaMmon ans npucBanBaHus
BbICLLIEro/HU3LIEro npuoputeTa BHeLIHeMy npepbiBaHuio INTO

3.6.3.BbinonHeHne noanporpaMmmbl npepbiBaHUSA.

Cuctema npepbiBaHui ¢opmupyeT annapaTHbii Bbi3oB (LCALL) cooTBeTcTByOLENW MOANPOrpaMmbl
obcnyxunBaHus, ecnu oHa He 3abnokMpoBaHa O4HUM U3 CreayoLLNX YCIOBUIA:

e B [JaHHbIA MOMEHT 00CNYXMBaETCs 3anpoc NpepbiBaHNSA PaBHOrO UITM BbICOKOTO YPOBHS MPUOPUTETA;
e  TeKyLUMA MaLUMHHBIN LUK — He NOCNeaHUA B LUKNE BbINOMHAEMON KOMaHabl;
e BbiNorHsaeTca komaHaa RETI nnm nobas komaHga, cBs3aHHasi ¢ obpalleHnem k pernctpam IE nnm IP

OTtmeTnm, 4TO ecnu cprar npepbiBaHWs Obil YCTAHOBMEH, HO MO OAHOMY U3 YKa3aHHbIX BbILLE YCIOBUI He
nony4nn O6CMAYKMBaHUS U K MOMEHTY OKOHYaHUS OrOKMPOBKM yke COpOLLEH, TO 3anpoc NpepbIBaHnst TepSETCs U
HWUrge He 3anoOMUHaeTCs.

Mo annapatHo cdopmmpoBaHHoMy kogy LCALL cuctema npepbiBaHMS MOMELLAET B CTEK TOSbKO
copepxmmoe cdetunka komaHg (PC) n 3arpyxaeT B Hero agpec BekTopa COOTBETCTBYHOLLEW MOANporpaMmbl
obcnyxuaHus. o agpecy BekTopa JommkHa ObiTb pacnonoxeHa koMaHaa 6e3ycrnoBHOM nepefadn ynpasreHus
(JMP) k HayanbHOMY agpecy nognporpaMmmbl o6CnyKnBaHua npepbiBaHus. B cnyyae Heo6xoauMMOCTM OHa AOMKHa
HauMHaTbCs KomaHgamun 3anmcn B ctek (PUSH) cnosa coctosHus nporpammbl (PSW), akkymynatopa,
pacwmpuTens, ykasatens AaHHbIX U T.A4. U JOIDKHA 3aKkaH4MBaTbCs KOMaHaamu BoccTaHoBneHust us creka (POP).
Moanporpammbl O0BCNyKMBaHMA MpepbiBaHUS OOMMKHbI 3aBepliatbcss komaHgon RETI, no koTtopon B cuyeTumk
KOMaHA nepesarpykaetcsa U3 cTeka CoxpaHeHHbIN agpec Bo3BpaTa B OCHOBHYO nporpammy. KomaHaa RET Takke
BO3BpaLLaeT yrnpaerneHne npepBaHHON OCHOBHOW Nporpamme, HO Npu 3TOM He CHUMYT GNOKUMPOBKY NpepbiBaHWN,
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4YTO NPpuUBOAUT K Heob6XoauMOCTN UMETb I'IpOFpaMMHbIﬁ MEeXaHN3M aHaln3a OKOH4YaHuA npoueaypbl O6CJ'Iy)KI/IBaHI/IF|
AaHHOro npepbiBaHUA.

3.7.PaboTa c BHelwHen NnaMATbLIO MUKPOKOHTponnepa 8051.

OOpalleHnsi K BHELWHer namMsATM Mogpas’gensdlTcsa Ha obpaleHus K BHELWHeW naMsitu nporpaMm U
obpalleHus K BHELLHeN NaMsaTu AaHHbIX. B nepBomM cnydae ans bopMumpoBaHus curHana, aktmsupytortero MN3Y ¢
nporpammonu, ucnonb3yetcs curHan PSEN, Bo BTopom — curHansl RD n WR, aktusuaupytowime O3Y ¢ AaHHbIMK.

Ecnu ucnonbsyetca 16-6utoBbi agpec, cTapluve BoceMb 6UT BbIBOOATCA 4Yepe3 nopT P2 , roe oHu
COXPaHSTCA B TeYEeHMe BCero uukrna obpalleHus K BHewHen namatn. OTMeTUM, YTO BbIXOOHbIE Kackabl nopTa
P2 umeloT BHYTPEHHIOK Harpysky, Heckonbko oTnuyaiowytocs ot P1 n P3 | 6narogaps vyemy B SFR P2 npu
BbIBOAE aApecHOM WH(opMaLmm BOBCe He obsi3aTenbHO 3allenkmeBaTb Bce eauHuubl. [lobaBum Takke, 4YTO npu
BbIBOAE agpecHor nHdopmauumn nidopmaumsa ns SFR P2, xoTst n He npucyTcTByeT Ha BbiBogax MUKpo3BM, Ho 1
He TepsAeTcs, BOCCTaHaBNMUBAasCb HA HNX MOCMEe OKOHYaHUSA obpalleHui K BHeLLHen namsaTh (ecnv B npouecce aTux
ob6paiieHnin SFR P2 He 6bin mogndmumpoBaH).

Ecnu npu obpalleHmn K BHELIHEN NamsATu OaHHbIX UCMONb3yeTCA BOCbMW OUTHBLIM agpec, TO Ha BbiBOAAXx
nopTa octaeTca Ta Xe uHdopMauusd, kotopad Tam Obima OO Hayana obpalleHus K BHeWHen namsatu. OTo
Mo3BOMSET OPraHM30BaTb MOCTPAHMYHYIO aApecauuio BHELWHEN NaMaT AaHHbIX.

Kak yxe oTmevanocb, Ha BbiBogax nopta PO mnagwwumin 6ant agpeca MynbTUMMeEKCMpyeTcsl € AaHHbIMM.
CurHanbl agpeca/ faHHbIX 3a4elcTBYIOT oba noneBbiX TpaH3UCTopa BbIXOAHOrO kackaga nopta PO. Takum
obpasom, B aTOM cny4dae BbiBOAbl PO yxe He sBNATCHA BblBOAAMWU C OTKPbITbIM CTOKOM U He TpebytoT BHELLHMX
Harpy3o4HbIX 311IEMEHTOB.

CurHan ALE wucnonbsyetcsa ans cwukcauum mnagwero G6amta agpeca BO BHELWIHEM peructpe-3allerke.
AfnpecHasda nHpopmauma 4OCToBepHa B MOMEHT OKOHYaHus curHana ALE.

BbiBOAMMBIN B UMKe 3anucyn 6anT 3aHocutcst B PO HenocpeacTBeHHO nepepn akTuBauumen curHana WR um
OCTaeTCsl HEM3MEHHbBIM A0 OKOHYaHMS 3TOro curHana. B umkne 4yteHus gaHHble Ha BbiBogax PO ons goctoBepHoro
CUYUTBIBAHUS JOJPKHbI ObITb YCTAHOBUBLUMMUCS K MOMEHTY OKOHYaHus curHana RD.

Bo Bpems obpaweHus k BHewwHen namsatu CPU 3anuceiBaeT OFFH B SFR PO, yHuuTOoXas, Taknm oOpasom,
XpaHuMyto TaM MHdopmauuto. Takmm obpasom, ucronb3oBaTb Ans 3anvcy nopT PO npu pabote ¢ BHelHen
NamATbIO HaJO C U3BECTHOWN J0NEN OCTOPOXKHOCTMU.

O6palleHne K BHELLHEW NaMsaTU NporpaMmM BO3MOXHO B [IBYX Cny4asx:

e Koraga curHan EA akTuBeH, T.e. UMeeT HYNneBOW YpOBEHb,
e Korga nporpammHbin cHeTdnk PC cogepxut uncno 6onblue OFFH.

CnepoBaternbHO, Npu UCMNOMb30BaHUN MUKPO-OBM, He umetowernt BctpoeHHoro MN3Y unu He ucnonbayoLlemn
ero, Ha Bxoae EA gomkeH npucyTcTBoBaTb CUrHar ¢ HyrneBbIM YPOBHEM.

Korga CPU paboTaeT ¢ BHelLHen namsTbio nNporpamm, BCe nuHUMM nopta P2 mncnonb3yioTca Ans BbiBOAA
cTapwero 6anta agpeca u He MOryT BbiTb MCMOMb30BaHbl Ans 06bIMHOrO BBOAA\BbIBOAA MHGOPMaLun. [pn aTom,
Kak oTMedanocb Bbie, B SFR P2 moxeT OblTb 3aHeceHa nobas uHdopmaums — agpecHast MHgopmauus,
BbIBOAUMas yepes P2, He 3aBMcUT OT cocTosiHus ero SFR.

3.8.Pexumbl MukpokoHTposnsnepa 8051 ¢ NOHMXEeHHbLIM 3HepronoTpeodeHneMm.

Bo MHoOrux BapuaHTax npumeHeHust Mukpo-OBM aHepronoTpebrieHue saBnseTca OOHUMM U3 OCHOBHbIX
napameTpoB. B aTux cnyyasax yenecoobpasHo mcnonb3osaTe KMOI Bepcun mukpo-3BM. B HUX npeaycMoTpeHb!
OOMOMHUTENbHBIE BO3MOXHOCTU CHWKEHUSA 3HepronotpebneHus, OTCYTCTBylOLWMe B cTaHAapTHbiXx n-MOI
nsgenuax. PaHee Bbinyckanucb n n-MOI Bepcum mukpo-OBM, umeBwMe pexumbl paboTbl C MNOHWXKEHHbIM
3HepronoTpebneHneM. B HacTosilee BpemMs WX BbINYCK MOYTU MOBCEMECTHO npekpaweH. OgHako Bpems oOT
BPEMEHN OHM BCe >xe OyayT nonagaTe B pyku paguvontobutenen, no3aToMmy TPyAHO rapaHTUpOBaTb Hanvuyve vmm
OTCYTCTBUE 3TUX PEXUMOB B TEX UINW MHBIX KOHKPETHbIX N-MOI1 nzgenusx.

MKOTI1 mukpo-OBM unmetoT gBa pexmma ¢ NoHWKEHHbIM MOTPEBIEHNEM TOKa: PEXMM XONOCToro xoaa (XX) u
PEXUM BbIKITIOYEHHOTO Hanpshkenuss nutaHusa (BHIT). lMocnegHwii mHorga HasbIBAlOT PEXMMOM  MOHMKEHHOrO
3HepronoTpedneHus. o MHEHUIO aBTOPOB HACTOSILLEN CTaTbW, 3TO BPSIA NM KOPPEKTHO, TaK Kak pexmnm XX Takke
XapakTepusyeTcsi NOHMKEHHbIM 3HEPrornoTpebrieHneM B CpaBHEHMU C OBbIYHBIM PEXMMOM paboTbl MUKPO-OBM.
[OCIMOBHO BTOPOM pPEXMM, Ha3blBaeMblii B aHrMos3bl4HOW nuTepatype pexumom "Power Down Mode", MoxHO
nepeBecTU TaK, KakK yKasaHO Bblle. OTOT MepeBoS KOPPEKTHEE OTpaXaeT CyTb pexuma - B HEM [OMNyCTUMO
BOOGLLE OTKMOUUTL OT MUKPO-OBM nuTtatowiee HanpsxeHue, nogasaemoe Ha Bxof Ucc (BbiBog 40 Mukpo-OBM).
AN COXpaHEHUs coOepXMMOro BHyTpeHHee O3Y B 9TOM Cryyae HyXHO 3anutaTb OT PEe3epBHOr0 MCTOYHMKA.
PesepBHoe nuTatowlee HanpshxeHue nogatot vepes Bxog RST (BbiBoA 9).

B pexnme XX (IDL = 1) reHepatop Mukpo-OBM paboTaeT, TakTOBble CUrHanbl MOCTYNaklT Ha CUCTEMY
npepbiBaHWIA, NocreaoBaTenbHbIA NOPT U TaMepbl/cHeTYMKN. Bce pernmcTpbl COXpaHsIloT CBOE CoAepXumoe, Ha
BbIBOAAX BCEX MOPTOB YOEPXKMBAKTCA NOMMYECKME COCTOSIHWSA, KOTOpble OblMM Ha HUX B MOMEHT nepexoga B
pexum XX. OgHako curHan reHepartopa cuHxpoHusupytowmn CPU, otkntovaetcs. B pexume BHIT (PD = 1)
reHepatop octaHaBnumBaeTcs. [NpekpawaeTcs TakTupoBaHue He Tonbko CPU, HO n nmocrnegoBaTenbHOro nopra,
TarMepoB/ CYETUYUKOB, CUCTEMbI NMpepbiBaHui. Kak 1 B pexxmme XX, COCTOSIHUE peructpoB, pesvaeHTHoro O3Y u
BbIBOJOB MOPTOB OCTAETCA HEU3MEHHbIM.
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Pexumbl XX wn BHIT aktmBusnpyloTcs npu YCTaHOBKE COOTBETCTBYWOLWMX OWTOB B cneunansHOM
PYHKLUMOHANLHOM pernctpe-pernctpe ynpasneHusa mowHocTeto PCON. Agpec atoro peructpa 87H, ero onucaHue
npvBeaeHo B Tabn.

OtmeTM cnegytolime ocobeHHOCTN 3TOro permcrpa. Ecnv ogHOBpeMeHHO ycTaHoBMeHbl B 1 6uTbl IDL n
PD, To nocnegHuii umeeT nNpenmyLLecTBo - Mukpo-OBM nepexoaut B pexum BHI1. Cogepxumoe permuctpa PCON
nocrie copoca - 0XXX0000.

B n-MOT1 Bepcusix mukpo3BM pernctp PCON cogepxuTt, kak npasuro, Tonbko SMOD. OcTtanbHble YeTbipe
outa npucytcTBytoT Tonbko B KMOIT yctporicTBax. NMonb3oBaTenbckue nporpaMmMbl HUKOTAA He OOIDKHbI 3aHOCUTb
1 B He3aHsiTble OuTbl (PCON4 - PCONG), Tak Kak OHM MOryT UCMONb30BaTbCA B Crieayrolmx Moamndurkaumsix
MnkpoOBM. [locnegHee pacnpocTpaHseTca Ha BCe pernctpbl M Ha Bce agpeca B obnactu pernctpos
crneumanbHbiX OYHKLUUA, KOTOpble He 3aHATbl peructpamu. PaspaboTuvkm npegnonaralT UCMonb3oBaTb WX B
HOBbIX M3genuax. OgHako Ana OOCTUXEHUS COBMECTUMOCTU yke pa3paboTaHHOro nporpammMHoOro obecneyeHus ¢
HOBbIMW M3OENUSAMU OOMOMNHUTENBHBIE BO3MOXHOCTM MOcnegHux OyayT BkhYaTbCsi ycTaHoOBKOW B 1 GUTOB B
COOTBETCTBYIOLUX pernctpax. Noatomy nonb3oBaTenbckas nporpamMmma, ycTaHaBnvBatoLLas B 1 HeUCnonb3yemble
OuTbl, ByoeT HopManbHO paboTaTb Ha MUKPO-OBM, nMeloLmxca B HanMumm cerofHs, Ho BoBce He obs3aTernbHO
Oyoet pabotate Ha HOBbIX MUKPO-OBM. HECMOTPSI Ha MX MOMHYK MPOrpamMMHYH0 COBMECTMMOCTb C CEMENCTBOM
8051.

3.8.1.Pexum XX.

B atoT pexum Mukpo-OBM nepeBoautcs nobon komaHaow, yctaHasnusatowen B 1 6ut PCON.O. OHa
oKasblBaeTCA MocnegHerd B LEMNOoYke BbIMNOMHAEMbIX KOMaHA: B pexume XX BbINOMHEHWE NpOorpaMmbl
npuocTaHaBnNuBaeTcs ,Tak kak Ha CPU nepectaeT noctynaTb CUrHan TakToBoro reHepatopa. OgHako cogepxmmoe
BHyTpeHHero O3Y u peructpoB cneumarnbHbiX OYHKLUMA OCTaeTCAa HeusMeHHbIM, BbiBOAbl MOPTOB YAEPXMBAKOT
3Ha4yeHus1, KoTopble ObIMM Ha HWMX OO nepexoda B pexum XX, Ha Tanmepbl/CHETYMKM, NMpUemonepesaTyvk U Ha
CUCTEMY MNpepbiBaHWIA NPOAOIMKAKOT NOCTynaTh TakToBble curHanbl. Ha BbiBogax ALE n PSEN yctaHaBnvBatotca
CUrHanbl €QVHUYHOIO YPOBHSI.

CocTosiHne BbIBOOOB NopToB 3aBucuT oT Tuna O3Y, ¢ koTopbiM MUKPO-OBM obmeHmBanacb nHgopmaumnen
nepea Tem kak nepentn B pexxum XX. Npu paboTe ¢ BHyTpeHHM O3Y Ha BbiBOAAX MOPTOB MPUCYTCTBYIOT JAHHbIE
n3 cootBeTcTBYHOLWMX SFR (ecTecTBeHHO, ecnu NopT B pexume BbiBoda MHGopmauun). MNpu pabote ¢ BHELLIHUM
O3Y BbiBoabl nopta 0 nepexogaT B BbICOKOMMMEOAHCHOE COCTOSIHME, a Ha BbiBOJax Mnopta 2. coxpaHsaeTcd
agpecHas nHepopmaums. Ha BbiBogax noptoB 1 1 3 npucyTCTBYIOT AaHHble U3 SFR nopToB.

BbiBecTM Mukpo-OBM u3 pexumma XX MOXHO AByMsi cnocobamu. Tak, BbI3OB nobOro u3 npepbiBaHUi
npueegeT Kk annapaTtHomy ctupaHuio 6uta PCON.O, npekpaiiatowiemy XX. lNpepbiBaHne GyoeTt obcnyxeHo, 1
ovepegHon nocrne RETI BbinonHAeMon komaHgon OyaeT Ta, KoTopas crnegyeT 3a KOMaHOoW, npuBedllen K
nepexody Mukpo-3BM B pexum XX. dnarm GF0 nu GF1 moryT ucnons3oBartbCcs Afs UHAWKaALUKU TOro, NPOU3OLLIIO
NN npepbiBaHME BO BpeMsi HOpMarnbHOW paboTbl v Bo Bpemsi XX. Hanpumep, komaHa, 3anyckarowas 3ToT
pexum, MOXeT Tarke ycTaHaBnuBaTb OAuH unu oba cnara. Korga XX npekpallieH npepbiBaHUEM, CepBUCHasi
nporpaMma npepbIiBaHNs MOXET NPOBEPSATb COCTOsIHME doNaros.

Hpyroi cnoco6 npekpawenns XX - ¢ nomollblo annapatHoro cbpoca. [MocKombKy CUMHXporeHepartop
npogoskaeT paboTtaTk, annapaTHbI COPOC OOMKEH NOAAEPKUBATECA B aKTUBHOM COCTOSIHWM, TOMbKO B TEYEHMEe
OBYX MaLUMHHbIX UMKINOB (24 nepnonos konebaHui).

CurHan cbpoca ctupaet 6ut PCON.O. B atotr momeHT CPU B0306HOBMSIET BbINOMHEHWE NporpaMmbl C
camoro Havana. Kak nokasaHo Ha puc. 14, nepen Hadanom OTpabOTKM anropuTMa BHYTPEHHEro 3anycka MoryTt
UMEeTb MeCTO [Ba WM TPU MAaLUMHHBIX LUKMa BbIMNOMTHEHUSA NporpaMmmbl. BCTpoeHHOEe B MUKPOCXEMY YCTPOWCTBO B
3TO Bpems NpPenaATCcTBYEeT OOCTyny K BHyTpeHHemy OBY, HO OOCTyn K BbiBOgam MopTa He orpaHuyeH. YTtobbl
UCKINIOYUTb BO3MOXHOCTb MOSIBNEHUSI HeonpeaeneHHbIX BbIXOOHbIX CUrHaroB Ha BbiBOAax MopTa, KOMaHaa,
cnegyowasn 3a Bbi3biBatowen XX, He gormkHa ObiTb KOMaHAOW, 3anucbiBatowen nHdopmaumio B SFR nopta nnm
BO BHelHee O3Y gaHHbIX. HanoMHMM, 4TO nocne annapaTtHoro cbpoca cogepxxmmoe SFR nepeonpenensercs.

3.8.2.Pexxum BHIN.

KomaHnga, ycraHaenueatwowasa B8 1 6ut PCON.1, nepesoant mukpo-OBM B pexum BHI1. B Hem reHepaTtop
MuKpo-OBM, kak oTmMedanocb, OCTaHaBNMBaeTCHd, NpekpawiaeT QyHKUMOHUpoBaHNe He Tornbko CPU, HO u
TanMepbl/CHETUMKM, NpuemonepedaTymK, cucTtema npepbiBaHWMW. [1py HanNMuuMuM OCHOBHOMO UMM pPEe3epBHOro
UCTOYHMKA nuTatollero HanpsbkeHuss BcTpoeHHoe O3Y u peructpsl SFR coxpaHsiloT cBoe coaepXumoe.
CocTosiHMe NOpTOB He OTNMYAETCH OT COCTOsIHUA Npu nepexofe B pexum XX (cMm. Bbiwe). OgHako B oTnnyve ot
pexuma XX Ha BbiBogax ALE n PSEN yctaHaBnuBaroTCs CUrHanbl C HyneBbIM YPOBHEM.

EOouHCTBEHHBIN cnocob BbINTM M3 3TOrO pexuma - annapaTHbid copoc. OH nepeonpenenseTr CoOaepXMmoe
Bcex SFR, HO He MeHsieT coaepxmmoro BcTpoeHHoro O3Y.

B paccmartpuBaemMom pexunme HanpshkeHne nutaHus Ucc MOXeT cHwkaTbcsa Bnnotb Ao 2 B. Cneayer,
OfHaKo, no3aboTuTbCA, YTOObI CHMXKANoCb OHO He paHblle nepexoga MUKPOIBM B pexume BHIT un
BOCCT@HaBMMBANoCcb A0 MPEXHEero 3HayeHus npexae, YemM OHa BbingeT m3 atoro pexuma. CurHan cbpoca,
BO3BpaLLaoLWmnin MUKpO-OBM B OObIYHbLIV pexXuM, HEe OOIbKeH noaaBaTbCHd paHblue, YeM Ucc AOCTUrHET CBOero
paboyero 3HayeHus, U OOMDKEH NOAOEPXUBATLCA B aKTMBHOM COCTOSIHUM OOCTATOYHO O0Nro, 4Tobbl reHepatop
ycnen 3anycTuTbCa U ero konebaHusa ctabunusnposanucs (06bI4HO - He MeHee 10 Mmc).
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4.Cucrtema KOMaHA, MUKPOKOHTponnepa cemencraea 8051.
4.1.1.06wWwan xapakTepucTmka.

Mwukpo-3BM paccmaTtpuBaeMoro ceMeincTBa sIBMSOTCA TUMNYHBIMU MUKPOMNPOLLECCOPHBIMWU YCTPONCTBaAMU C
apxutektypon SISC - co cTtaHgapTHbIM Habopom KomaHg. [MosToMy MX cucTema KOMaHf 4OBOSIbHO ObLUMpHa n
BKMtoyaeT B cebs 111 ocHOBHbIX KomaHa. VX anvHa — ogvH, aBa unu Tpy GanTta, npuydem OOMbLUMHCTBO M3 HUX
(94%) — opHO- wnuM p[ByxOanTHble. Bce komMaHObl BLIMOMHAKTCA 3a OAMH WM [Ba MaLUMHHBIX LMKNa
(cooTBeTCTBEHHO 1 MM 2 MKC Npu TakToBOM YacTtoTte 12 MIL), UCKIIOYEHNE — KOMaHAbl YMHOXEHUSA U OeNeHus,
KOTOpble BbINOMHAIOTCH 3a YeTblpe MallMHHbIX uukna (4 mkc). Mukpo-OBM cemerictea 8051 ncnonb3yoT NpsmMyto,
HEenoOCPeACTBEHHYIO, KOCBEHHYIO N HESIBHYIO, afpecaLmio JaHHbIX

B kavecTtBe onepaHaoB komaHa Mukpo-OBM cemenictBa 8051 moryT ucnonb3oBaTb OTAENbHbIE GUTHI,
yeTblpexbuTHble Lundpbl, 6anTbl 1 AByxH6anTHbLIE CroBa.

Bce atn yepThbl 0ObI4HbLI Ana Habopa koMaHg nboro SISC-npoueccopa u no cpaHeHnto ¢ RISC Habopom
KomaHa obecneumBaeT OOMbLUYD KOMMNAKTHOCTb MPOrpamMMHOrO Koda MW yBenuyeHue ObICTpOAEenCcTBUA Mpu
BbIMOMHEHWM CITOXHbIX Onepauui.

B 10 e Bpemsi, Habop komaHg cemencTBa 8051 nMeeT HECKONbKO 0COBEHHOCTEN, CBSA3AHHbBIX C TUMUYHLIMU
DYHKUMSIMM  BbIMONTHAEMbBIMU  MUKPOKOHTPOMMepamMn - ynpasfieHWeM, Afs KOTOPOro TUMUYHBIM  SIBSIETCS
onepupoBaHve C OJHOpaspsgHbIMM OBOMYECKUMW CcurHanamu, Oonblloe 4Yucno onepauuy BBOAA BbIBOOU U
BETBMNEHU NporpamMmbl.

Hanbonee cywectBeHHass 0COGEHHOCTb CUCTEMbI KOMaHA paccMatpuBaeMbix Mukpo OBM 310
BO3MOXHOCTb ajpecaumv OTAernbHbIX OUT B pe3naeHTHOM namaTu faHHbix. Kpome Toro, kak oTmedanochb,
HeKOoTopble perncTpbl 6rioka perncTpoB cneumanbHbIX OYHKLMIA Takke OO0MyCKalT agpecauuio oTAenbHbIX OuT.
KapTbl agpecoB oTAemNbHbIX OUT B pE3MOEHTHOM NaMATU AaHHbIX U B 6110ke perncTpoB cneuunanbHbiX yHKLNUA.

4.1.2.Tvnbl KOMaHA

Bcero mnkpo-3BM BbinonHsaT 13 TMNOB KOMaHA, OHW NpuBeaeHbl B Tabnuue. Kak cnegyeT ns Hee, nepsbii
0anT KoMaHabl Bcerga coaepxut kog onepauun (KOIM), a BTopon n TpeTuii (ecrnv OHM NPUCYTCTBYIOT B KOMaHAe) —
agpeca onepaHAoB UMM NX HEMOCPEACTBEHHbIE 3HAYEHMS.

Tun |NepBbin 6antBropon 6anT|Tpetun 6amnt

koMmanabl| D7...D0 D7...D0 D7...D0

TN 1 Kon

T™Mn 2 Kor #d

T™Mmn 3 Kon ad

TMn 4 Kon bit

™nb5 Kon rel

TMn 6 Kon ar7...a0

T™Mn 7 Kon ad #d

TMn 8 Kon ad rel

TImn 9 Kon ads add

TMn 10 Kon #d rel

T1n 11 Kon bit rel

T"mn 12 Kon ad16h ad16l

TMn 13 Kon #d16h #d16l

Tabnuuya. 6. Tunsi KomaHO
4.1.3.Tvnbl onepaHaoB

CoctaB onepaHaoB BK4aeT B cebsa onepaHabl YETbIPEX TUMOB: OUTbI, 4-OUTHbIE Undpbl, 6anTbl 1 16-
OuTHbIE crioBa.

MukpokoHTponnep umeetr 128 nporpammMmHo-ynpasnsiemMblx daroB nonb3oBaTens. Mmeerca Takke
BO3MOXHOCTb agpecalunn oTAernbHbIX OMTOB OroKka permcTpoB cneumanbHbix yHKUMA M nopToB. [nsg agpecauun
BuToB Mcnonb3yetcsa npsmon 8-6utHbIM agpec (bit). KocBeHHas agpecaumnsa 6uToB HeBo3MOXHa. KapTbl agpecos
OoTAenNbHbIX BUTOB NpeacTaBreHbl Ha puc. 6 .

UeTbIpéxbutHble onepaHabl MCNOMNbL3YHTCA TONbKO Npu onepaumax oomeHa SWAP n XCHD.

BocbMMBUTHLIM onepaHaoM MoXeT ObiTb suvenka namsatu nporpamm (M) wnu gaHHbLIX (pPe3naeHTHON
(PMA) vnm sHewHen (BMNA)), koHCTaHTa (HENOCPeACTBEHHbLIN onepaHA), PerncTpbl cneunanbHbiX OyHKUMIA, a Takke
nopTbl BBOoAa/BbiBoAA. [1OpThl U perncTpbl cneymnanbHbiX MYHKLMIA agpecyrtoTcs TOMbKO NpsiMbiM cnocobom. BanTbl
namsaTy MOryT agpecoBaThbCs TaKKe U KOCBEHHbIM 0bpa3om Yepes agpecHbie pernctpbl RO, R1, DPTR n PC.

[Byxb6anTHble onepaHdbl - 3TO KOHCTaHTbI U NpsAMblE aapeca, AN NPeAcTaBneHns KOTOPbIX UCMOMb3YyTCA
BTOPOWN U TPETUIN BanTbl KOMaHAbI.
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Anpeca (Dy) (Do)

7FH | |
2FH 7F 7E 7D 7C 7B T7A 79 78
2EH 77 76 75 74 73 72 71 70
2DH 6F 6E 6D 6C 6B 6A 69 68
2CH 67 66 65 64 63 62 61 60
2BH 5F 5E 5D 5C 5B 5A 59 58
2AH 57 56 55 54 53 52 51 50
29H 4F 4E 4D 4C 4B 4A 49 48
28H 47 46 45 44 43 42 41 40
27H 3F 3E 3D 3C 3B 3A 39 38
26H 37 36 35 34 33 32 31 30
25H 2F 2E 2D 2C 2B 2A 29 28
24H 27 26 25 24 23 22 21 20
23H 1F 1E 1D 1C 1B 1A 19 18
22H 17 16 15 14 13 12 11 10
21H OF OE 0D 0oC 0B 0A 09 08
20H 07 06 05 04 03 02 01 00
1FH

BaHk 3
18H
17H

BaHk 2
10H
OFH

BaHk 1
08H
07H

BaHk 0
00H

Puc. 9. Kapma adpecyembix 6umoe 8 pe3udeHmHoU namsimu 0aHHbIX
4.1.4.N'pynnbl KOMaHA.

Cuctema komaHp cemerictBa MCS-51 copgepxuT 111 6a3oBbiXx kOMaHA, KOTopble MO YHKLMOHANIbHOMY
NpU3HaKy MOXHO NoApasfenvTb Ha NATb:

NepechINkK AaHHbIX;
apudMeTUYECKMX onepauui;
NOrnMYecKnx onepauum;
onepauui Hag Gutamu;
nepeaayn ynpaneHusl.

dopmat KomaHz, - 04HO-, ABYX- U TpexbanToBbIn, npudemM 60MnbLINMHCTBO KoMaHz (94) umetoT chopmat oamH
unu gea 6anta. NepBbii 0anT NMOGLIX TUNA 1 hopmaTa BCErga COAEPKUT KOA onepauum, BTOPOW U TpeTuii 0ainTol
cogepxart nmbo agpeca onepaHgoB, MO0 HeNocpeaCTBEHHbIE ONepaHabI.

CocTaB onepaHaoB BKITOYAET B cebs onepaHapbl YeTbIpeX TUMOB: OuTbI, HNONbI (4 pa3psga), 0anTel n 16-
OuTHblE cnoBa. Bpemsa ucnonHeHust kKomaHg coctaenseT 1, 2 nnm 4 mawunHHbIX umkna. Mpy TakToBon YyactoTe 12
Ml 4NMTENbHOCTb MAaLLMHHOIO LMKIa cocTaBnsieT 1 MKC, Mpy 3ToM 64 komaHabl UCNosHAKTCA 3a 1 MKc, 45
KOMaHg - 3a 2 MKC 1 2 KoMaHAbl (YMHOXEHUE 1 AeneHune) - 3a 4 MKC.

Habop komang MCS-51 nogaepxvBaeT cnefytoLlme pexxumMbl agpecauun.

lpsimasi aOpecayus (Direct Addressing).OnepaHg onpegensetcsa 8-6UTHBIM aapecoM B MHCTPYKLUuK. JTa
agpecaums NCnonb3yeTcs TONbKO ANs BHYTPEHHEN NaMSTU AaHHbIX U pernctpoB SFR.

KoceeHHasi aOpecauus (Indirect Addressing).B aToM cnyvyae MHCTPYKUMS agpecyeT perucTp, Coaepaliui
agpec onepaHga. [laHHbl BUA, agpecann MOXET NPUMEHSITLCS Npy 006paLLeHnmn Kak K BHYTPEHHEMY, TaK U
BHewHemy O3Y. [1ns ykaszaHus 8-OMTHbIX agpecoB MOryT ucnonb3oBatbesi pernctpbl RO n R1 BbiOpaHHOro
perncTpoBoro 6aHka unm ykasarternbs cteka SP.
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Ona 16-6uTtHoM agpecaumm Ucnonb3yeTcs TONbKO pernctp "ykasatens AaHHbIX" (DPTR - Data Pointer).

Peaucmposasi adpecayus (Register Instruction).[laHHas agpecauns NnpuMeHseTcsa aAns 4ocTyna K permctpam
RO+R7 BbI6paHHoro 6aHka. KomaHnabl ¢ perucTpoBon agpecaumen cogepxar B 6ante koga onepauun tpexbutosoe
none, onpegensioLlee HoMmep perncTtpa. Belbop ogHOro 13 yeTblpex perncTpoBbix 6aHKOB OCYLLECTBIISETCS
nporpaMmmMmmnpoBaHnem 6utoe cenektopa 6aHka (RS1, RS0) B PSW.

HenocpedcmeeHHasi abpecauyus (Immediate constants).Onepanf cooepXuTcs HENOCPEACTBEHHO B none
KOMaHZbl BCrief 3a KOAOM ornepauum 1 MOXeT 3aHuMaTb OA4MH unun apa banTa (datag, dataqe).

UHdekcHas adpecayus (Indexed Addressing).HoekcHasa agpecaums ucnonb3yeTcs npu obpalleHnn K
NamsT1 NPorpamMm 1 TONbKO MpU YTeHMU. B aToM pexrme ocyllecTBnsieTCA NpocMoTp Tabnvy B namMsaTy Nporpamm.
16-6utoBbin pernctp (DPTR nnn PC) yka3biBaeT 6a30BbI agpec TpebyemMor Tabnuupl, a akkyMynatop ykasbiBaeT
Ha TOYKy BxoAa B Hee. Afipec anemeHTa Tabnuubl HaXoaMTCA cnoxeHneM 6asbl C MHOEKCOM (COoaepPKUMbIM
akkymynsaropa).

[pyron Tun nHaekcHom agpecauumn npumMeHsieTca B komaHaax "nepexoga no Bbibopy" (Case Jump). MNpu
3TOM afpec nepexoaa BblMUCMSETCA Kak CyMMa ykasaTtens 6a3bl 1 akkymynatopa.

HesisHasi aOpecayus (Register-Specific Instructions).HekoTopble MHCTPYKUUKN MCNONb3YHT MHAMBUAYAIbHbIE
perncTpbl (Hanpumep, onepauuun ¢ akkymynsatopom, DPTR), npu 3ToM faHHbIE perncTpbl HE UMEKT agpeca,
yKa3bIBalOLLIEro Ha HKX; 3TO 3afOXEeHO B KO onepaumm

4.1.5.0603Ha4YeHUs, UCNosib3yeMbie NPU ONMCaHUN KOMaHA.

Rn (n=0, 1,..., 7) — peructp obLLero HasHa4yeHusi B BbibpaHHOM H6aHke perncTpos;

@Ri(i= 0, 1) — pernctp obLero HasHa4yeHnss B BbIGpAaHHOM GaHKe PerncTpoB, UCMONb3YEMbIN B KayecTBe
perncrTpa KOCBEHHOro agpeca;

ad — agpec npsmoagpecyemoro 6anTta;

ads — agpec NpsaAMo agpecyemoro 6anTa-MCTOYHUKA;

add — agpec npsMo agpecyemMoro banta-nony4vaTens;

ad11 — 11-paspsagHbii abCONOTHLIN agpec Nepexoaa;

ad16 — 16-pa3psagHbIi abCONOTHLIN agpec Nepexoaa;

rel — oTHocuTenNbHLIN agpec nepexoaa;

#d — HenocpeaCTBEHHbIN onepans;

#d16 — HenocpeaCTBEHHbIV onepaHa (2 6awnTa);
bit — agpec npsimo agpecyemoro 6uTa;

/bit — nHBepcusa npamo agpecyemoro 6uta;

A - akkymynsTop;

PC — cueTtumnk komaHp;

DPTR — perucTp ykasaTtenb AaHHbIX;

() — copepxumoe A4ernkn namaTn UNn perncTpa,

4.1.6.KomaHabl nepecbifiKU AaHHbIX MUKPOKOHTponsepa 8051.

OTa rpynna npeacrtaeneHa 28 komMaHOamMu, UX KpaTkoe onucaHwe npuBedeHo B Tabnuue, roe Takke
ykaszaHbl Tun koMaHabl (T) B cooTBeTcTBUM C Tabnuuen, ee anuHa B Gantax (B) u Bpems BbINOMHEHUA B

MaLLMHHBIX Uuknax (L1).

Tabnuuya.7.KomaHObl nepedaqu OaHHbIX

HasBaHue komaHAbl Muemokoz Kon T|B|L Onepauums
Mepecbinka B akkymynsatop n3 peructpa (n=0+7) MOV A, Rn 11101rrr 1111 1](A) « (Rn)
Mepecobinka B akkyMmynarop npsmoagpecyemoro bavita MOV A, ad 11100101 | 3] 2] 1 |(A) « (ad)
MNepeckbinka B akkymynaTtop 6anta ns Prg (i=0,1) MOV A, @Ri 11100110 111 ] 1](A) « (Ri)
3arpyska B akKyMyrnsTOp KOHCTaHTbI MOV A, #d 01110100 |22 ] 1 ]|(A) « #d
Mepechbinka B perucTp u3 akkymynsropa MOV Rn, A 1111 1rrr 1111 1(Rn)« A
Mepeckblinka B pernctp npsmoagpecyemoro 6avra MOV Rn, ad 10101rrr | 3] 2] 2 J(Rn) « (ad)
3arpy3ka B perucTp KOHCTaHThbl MOV Rn, #d 0111 1rrr 212]1](Rn)« #d
Mepecbinka Nno NpsiMOMy aapecy akkyMynsitopa MOV ad, A 11110101 | 3|12 ] 1 |(ad) « (A)
Mepecblinka no NpsiMoMy agpecy perucrpa MOQV ad, Rn 10001rrr | 3]12] 2 ](ad) « (Rn)
Mepecbinka npsiMoagpecyemoro 6avta no npsimomy agpecy |MOV add, ads 10000101 | 9| 3] 2 |(add) « (ads)
Mepecbinka 6anta 13 PN no npsamomMy agpecy MOV ad, @Ri 10000111 |3 |22 |(ad) « ((Ri)
Mepecblinka no NpsIMOMy apecy KOHCTaHThI MOV ad, #d 01110101 | 7] 3| 2 |(ad) « #d
Mepecbinka B PN 13 akkymynsatopa MOV @Ri, A 11110111 |11 1] 1 ((Ri)) « (A)
Mepecsbinka B PN npsmoagpecyemoro 6avita MOV @RI, ad 0110011 |3 ]2]2]|((Ri)) « (ad)
Mepecbinka B P KOHCTaHTHI MOV @RI, #d 0111011 | 2]2 |1 |((Ri)) « #d
3arpyska ykasatens AaHHbIX MOV DPTR, #d16]10010000 |13] 3 ]| 2 |(DPTR) « #d16
Mepecbinka B akkymynsaTop 6avita ua M MOVC A, 10010011 |11 1] 2 |« ((A) +(DPTR))
@A+DPTR
Mepeckbinka B akkymynsTtop 6avta us Ml MOVC A, @A+PC] 10000011 | 1] 1] 2 |(PC) « (PC)+1,
(A) < (A+(PC))
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HasBaHune KomaHAbl MHemokoz Kon T|B|U Onepauusn
MNepecbinka B akkymynsatop 6anra us Bl MOVX A, @Ri 1110001i | 1] 1] 2](A) < ((Ri)
MNepechbinka B akkymynatop 6anTa n3 paclumperHon B MOVX A, @DPTR 11100000 | 11 1] 2 |(A) « ((DPTR))
Mepecbinka B Bl 13 akkymynatopa MOVX @Ri, A 11110010 111 ] 2 ((Ri) « (A)
MNepeckinka B pacwmpeHHyto BIN[ 13 akkymynsatopa MOVX @DPTR,A|11110000 | 1] 1] 2 J((DPTR)) « (A)
3arpyska B cTek PUSH ad 11000000 | 3|2 2 |(SP) « (SP) +1,
((SP)) « (ad)
MN3BneuveHue n3 cteka POP ad 11010000 | 3| 2] 2 |(ad) « (SP),
(SP) « (SP) - 1
OOMeH akKyMynsitopa ¢ permcTpom XCH A, Rn 11001 rrr 1]11]11](A) < (Rn)
O6MeH akKymMynsiTopa ¢ npsiMoagpecyemMbiM 6anTom XCHA, ad 11000101 131 2] 1](A) < (ad)
O6meH akkymynsaTopa ¢ 6arvitom us PN XCHA, @Ri 11000111 1111 1](A) < (R)
O6meH Mnagwmnx TeTpag akkymynsitopa u 6avnta Pl XCHD A, @Ri 11010111 |11 1] 1](Ao. 3) <((Ri).. 3)

Mo komaHge MOV BbINOMHSETCA Nepecbhifika AaHHbIX U3 BTOPOro ornepaHga B MepBbin. JTa KomaHda He
MMeeT [OCTyna HM K BHELHEeW NamMaTW LaHHbIX, HW K NaMatyv nporpamm. Ons aTmx uenen npegHasHayeHbl
komaHgbl MOVX u MOVC cooTBeTcTBEHHO. [lepBas u3 HMX obecneumBaeT YTeHue/3anucb 6aiT 13 BHELUHEN
namsaTV AaHHbIX, BTOpas — YTeHne 6anT u3 naMmsiTu Nporpamm.

Mo komaHge XCH BbinonHseTcs obmeH Gantamm mexagy akkymynatopom u sderkon P, a no komaHge
XCHD - obmeH mnaglummu Tetpagamm (utamm 0 — 3).

Komangbl PUSH n POP npegHasHayeHbl COOTBETCTBEHHO OIS 3aMUCK AaHHbIX B CTEK U UX YTEHNA U3 CTEKa.
Pasmep cTeka orpaHvyeH nuilb pasmepoM pes3vaeHTHOW namat gaHHbiX. B npouecce vHuumnanusaumm MUKpPO-
OBM nocne curHana cbpoca unu npy BKNIOYEHUU nUTaroLlero HanpskeHuss B SP 3aHocutca kog 07H. 310
O3HayaeT, YTo NepBbI ANEeMEHT CTeka ByaeT pacnonaratbcs B s4erike namsatu ¢ agpecom 08H.

[pynna komMaHg nNepecbisiok MUKPOKOHTPOISIEpa MMEET CreayoLyto OCOOEHHOCTL - B HEN HET cneuunasnbHbIX
KomMaHg anst paboTbl co cneumanbHbiMi pernctpamn: PSW, Tanmepom, noptamm BBoAa-BbiBoAa. [1OCTyn K HUM,
Kak M K OpPYrMM pernctpam crneuunanbHbiX (OYHKUWMA, OCYLLECTBISETCA 3adaHMeM COOTBETCTBYHLLENo MPsSIMOro
agpeca, T.e. 3TO KOMaHAbl OObIYHBLIX MEPECHLIIOK, B KOTOPbIX BMECTO agpeca MOXHO CTaBUTb Ha3BaHWE
COOTBETCTBYHOLLEro pernctpa. Hanpumep, yteHne PSW B akkymynaTop MOXET ObiTb BbIMOSTHEHO KOMaHAOM

MOV A, PSW

KoTopas npeobpasyetca Accembnepom K Buay

MOV A, 0DOh (E5 DO),

roe E5 — kop onepauumu, a DO — onepaHpg (agpec PSW).

Kpome TOro, cnegyetr OTMETUTb, YTO B MUKPO-OBM akkymynatop vMMeeT OBa pasnuyHbIX UMEHU B
3aBMCUMOCTM OT crnocoba agpecaumm: A — npu HesaBHOW agpecaumn (Hanpumep, MOV A, R0O) n ACC — npu
Ncnonb3oBaHMM NpAMoro agpeca. lNepBbii cnocob NnpeanoyTUTENbHEE, O4HAKO, HE BCEraa NpUMEHUM.

4.1.7.KomaHabl apudmeTnieckux onepauum 8051.

B paHHyto rpynny BxoasaT 24 koMaHbl, KpaTKoe onncaHue KOTopbiX npuseaeHo B Tabnuue. VI3 Hee cnepyer,
4YTO MMKPOIBM BbINOMHAET AOCTATOYHO LUMPOKUA HaBop KoMaHA AN opraHusauum obpaboTkM LenoYMCneHHbIX
OaHHbIX, BKMOYas KOMaH4bl YMHOXEHUSA U OeNeHus.

B tabnuue Takke ykasaHbl TMN komaHabl (T) B COOTBETCTBUM C Tabnuuen, ee AnvHa B 6antax (b) n Bpems
BbINOMHEHNS B MaLUMHHbLIX umknax (L).

Tabnuuya.8.Apugpmemuyeckue onepauuu.

HasBaHue KkomaHAabI MHemokopf Kon TIB|U Onepauus
CnoxeHne akkymynstopa c peructpom (n=0+7) ADD A, Rn 00101rrr |11 |1 ](A) « (A) + (Rn)
CnoxeHune akkymynsropa ¢ npsamoagpecyemMbivM 6aiTom ADD A, ad 00100101312 |1 ](A) <« (A) + (ad)
CnoxeHue akkymynsatopa c 6avitom ns Prf (i = 0,1) ADD A, @Ri 00100110 111 |1 ](A) « (A) + ((Ri)
CnoxeHue akkyMynstopa ¢ KOHCTaHTOWN ADD A, #d 00100100212 |1 ](A)« (A) +#d
CnoxeHue akkymynstopa c perucTpom 1 NnepeHoCcoMm ADDC A, Rn 001 11rrr 111 |1 ](A) <« (A) + (Rn) + (C)
CnoxeHue akkymynsitopa c npsamoaapecyemMbim 6avitomn |ADDC A, ad 00110101]3 12 |1 ]|(A) « (A) + (ad) + (C)
nepeHocoMm
CnoxeHue akkymynatopa ¢ 6anTtom u3 P v nepeHocom |ADDC A, @Ri  |0011011i |1 ]1 |1 ](A) < (A) + ((Ri)) +(C)
CnoxeHue akkyMynsaTopa ¢ KOHCTaHTON 1 NepeHOCOM ADDC A, #d 00110100]2 ]2 |1 ](A) <« (A)+#d + (C)
[ecaTnyHasn Koppekumnsa akkymynstopa DA A 11010100f1 |1 |1 |Ecnu (Ao...3)>9 unu
((AC)=1),To(A0...3)«
(Ao..3) + 6, 3aTEM ecnu
(A4..7) >9 unum ((C)=1), TO
(A4.7) < (As..7)+6
BbluntaHue n3 akkymynstopa peructpa u 3aéma SUBB A, Rn 10011rrr |11 |1](A) < (A)-(C)-(Rn)
BbluntaHue n3 akkymynstopa npsiMmoagpecyemoro 6avita u | SUBB A, ad 1001010113 |2 |1 ](A) « (A) - (C) - ((ad))
3aema
BbiumTaHune n3 akkymynsatopa 6arita Pr n saema SUBBA, @Ri |[1001011i |1 |1 |1 |(A) < (A) - (C) - ((Ri))
BblynMTaHne n3 akkymynstopa KOHCTaHTbl U 3aema SUBBA, d 10010100]2 |2 |1](A) < (A)-(C)-#d
NHKpeMeHT akkymynsaTopa INC A 000001001 11 |1 ](A) « (A) +1
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Ha3BaHue komaHAbl MHemokoz Kon TIB|U Onepauus
NHkpemeHT pernctpa INC Rn 00001rrr |11 |1](Rn) <« (Rn) +1
WNHKkpeMeHT npsimoaapecyemoro baiita INC ad 00000101]3 ]2 |1 ](ad) « (ad) + 1
WHkpemeHT Bavita B PN INC @Ri 0000011i |1 11 |1 1 ((Ri)) « ((Ri)) + 1
WNHKpeMeHT yka3aTens gaHHbIX INC DPTR 10100011|1 |1 |2 |(DPTR )« (DPTR)+ 1
[ekpeMeHT akkyMynsitopa DECA 00010100]1 |1 |1 |(A) « (A)—1
[ekpemeHT pernctpa DEC Rn 00011rrr |1 ]1 |1](Rn) « (Rn) -1
[ekpemeHT npsimoagpecyemoro 6anta DEC ad 00010101]3 ]2 |1 |(ad) « (ad)—1
OekpemeHT 6anta B PIN[, DEC @RI 0001011i |1 |1 |1 1 ((Ri)) « ((Ri)) - 1
YMHOXeHMWE akkyMynsiTopa Ha peructp B MUL AB 10100100]1 |1 |4 |(B)(A) « (A)*(B)
[enexve akkymynsTopa Ha permctp B DIV AB 10000100J1 |1 J4 |(B).(A) <~ (A)/(B)

Mo pesynbTaTy BbinonHeHus komaHa ADD, ADDC, SUBB, MUL u DIV yctaHaBnuBatoTca cnarm PSW,
CTPYKTYypa KOTOpbIX NpuBeAeHa B Tabnue.

®nar C yctaHaBnvBaeTcsa npu nepeHoce U3 paspsga D7, 1. e. B cnyyae, ecnu pesynbTaT He NOMELLAeTCs B
BoCeMb pas3psaoBs; dnar AC ycTaHaBnmMBaeTcs npu nepeHoce m3 paspsga D3 B koMaHgax CroXeHus U BbluMTaHUs
N CIYXWUT NS peannsaumm 4eCATUYHON apnumMeTrkn. ITOT NpU3HaK UCMonb3yeTcs komanaon DAA.

®nar OV ycTtaHaBnuBaeTcsl Npy nepeHoce u3 paspsga D6, T. e. B crniyyae, ecnu pesynbTaT He NoMellaeTcs
B CEMb pas3psgoB M BOCbMOW He MOXET OblTb MHTEPNPETMPOBaH KaK 3HAKOBbIN. JTOT MPU3HaK CNYXWT Ans
opraHusaumm obpaboTku Ymcen co 3Hakom.

HakoHeu, dnar P ycrtaHaBnuBaeTcs u cOpacbiBaeTcs annapatHo. Ecnu uncno eguHuuHbiX 6ut B
aKkkymynsatope HeveTHo, To P = 1, B npoTnBHOM cnyyae P = 0.

4.1.8.KomaHAabl nornyeckux onepauuin MMKpokoHTponnepa 8051.

B atoi rpynne 25 komaHa, MX KpaTKoe omnucaHue npuvBefeHo B Tabnuue. HeTpygHO BMAETb, YTO 3TU
KOMaHZbl MO3BOSIAOT BLIMOMHATL onepauun Hag 6Ganmtamu: normdeckoe W (A ), normyeckoe WU ( V),
nckntovatowee UM ((+)), naesepcuto (NOT), cbpoc B HyneBoe 3HavyeHue n capur. B tabnuue Takke ykasaHbl TUM
komaHgbl (T) B cOOTBETCTBUM C Tabnuuen, ee onvHa B 6anTax (B) u BpemMsi BbIMONHEHNS B MaLUMHHbIX Lmknax (L1).

Ta6bnuuya.9./locudeckue onepauuu

Ha3BaHue komaHAbl MHemokopf, Kon T|B|U Onepauusn
Jlornyeckoe W akkymynsaTopa u permctpa ANL A, Rn 01011rrr |1 |1 |1 ](A) < (A) AND (Rn)
Jlornyeckoe W akkymynaTopa n npsamoagpecyemoro banTa ANL A, ad 01010101 |3 |2 |1 ](A) < (A) AND (ad)
Jlornueckoe W akkymynatopa wn 6anta us Pl ANL A, @RI 01010111 |1 |1 11 ](A) < (A) AND ((Ri))
Jlornueckoe M akkymynsaTopa n KOHCTaHTbl ANL A, #d 01010100 |2 |2 1 |(A) < (A) AND #d
Jlornueckoe M npamoagpecyemoro 6aita n akkymynsTopa ANL ad, A 01010010 |3 |2 |1 ](ad) < (ad) AND (A)
Jlornyeckoe N npamoagpecyemoro 6arvita u KOHCTaHTbI ANL ad, #d 01010011 |7 |3 |2 ](ad) < (ad) AND #d
Tlornueckoe UITN akkymynaTopa n perncrpa ORL A, Rn 01001rrr |1 |1 11 |(A) < (A) OR (Rn)
TTornueckoe UITN akkymynaTopa n npamoagpecyemoro 6anta |ORL A, ad 01000101 |3 |2 |1 ](A) <« (A) OR (ad)
Tlornueckoe UITN akkymynatopa u 6anta us PN ORL A, @Ri 0100011i |1 |1 11 ](A) < (A) OR ((Ri))
Jlornyeckoe UINW akkymynsTopa v KOHCTaHTb! ORL A, #d 01000100 |2 |2 |1 |(A) < (A) OR #d
Tlornueckoe UJTN npamoagpecyemoro 6arita n akkymynatopa |ORL ad, A 01000010 |3 |2 |1 ](ad) < (ad) OR (A)
Tlornueckoe UJTN npamoagpecyemoro 6arita n KOHCTaHTbI ORL ad, #d 01000011 |7 |3 |2 |(ad) « (ad) OR #d
Wcknrovatowiee UMW akkymynsatopa u peructpa XRL A, Rn 01101rrr |1 |1 |1 ](A) < (A) XOR (Rn)
Wckniovatowee NN akkymynstopa n npsamoagpecyemoro XRL A, ad 01100101 |3 |2 |1 |(A) < (A) XOR (ad)
bavita
Wckniovatowee NN akkymynsitopa n 6avita us PINp XRL A, @Ri 01100111 |1 |1 |1 J(A) « (A) XOR ((Ri))
Wckniovatowee NI akkymynsitopa v KOHCTaHThbI XRL A, #d 01100100 |2 |2 |1 |(A) « (A) XOR #d
Nckniovatowee NI npamoaapecyemoro 6ainTa u XRL ad, A 01100010 |3 |2 |1 |(ad) « (ad) XOR (A)
akkymynsitopa
Wckniovarowee NI npamoagpecyemoro 6aiTta n koHctanTbl | XRL ad, #d 01100011 |7 |3 |2 ](ad) < (ad) XOR #d
C6poc akkymynaTopa CLRA 11100100 |1 |1 |1 J(A) <O
MHBepcusa akkymynstopa CPLA 11110100 |1 |1 |1 |(A) < NOT(A)
CaBur akkyMynsitopa BrneBo LMKITUYECKUia RL A 00100011 |1 |1 |1 |(An+1) < (An), n=0+6,
(Ao) « (A7)
CaBur akkyMynsitopa BNneBo Yepes nepeHoc RLC A 00110011 |1 |1 |1 |(An+1) < (An), n=0+6
(Ao) < (C), (C) «(A7)
CaBur akkyMynsitopa BnNpaBo LMKITMYECKUNA RR A 00000011 |1 |1 11 |(An) < (An+1), n=0+6,
(A7) < (Ao)
CaBwr akkymynsitopa Bnpaso Yepes nepeHoc RRC A 00010011 |1 |1 11 |(An) < (An+1), n=0+6
(A7) « (C), (C) «(Ao)
O6MeH MecTaMu TeTpa B akkymynsaTope SWAP A 11000100 |1 |1 |1 J(Ao..3) & (A4..7)
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4.1.9.KomaHabl onepauuin Hag butamm MMKpoKoHTponnepa 8051.

pynna coctouMT M3 12 KOMaHA, KpaTkoe onucaHue KOTopbIX MpuBegeHo B Tabnuue. 3T KoMaHabl
MO3BOMAIOT BLIMNOMHATL OnepauMnm Hag OTAenbHbIMM BuTammu: cBpoc, yCTaHOBKY, WMHBEpPCUIO BuTa, a Takke
nornyeckne N (N) nu UNN (V). B kayectBe "normyveckoro” akkymynsTopa, y4acTBYIOLEro BO BCEX ornepauusx c
OBYyMSA onepaHaamu, BbICTynaeT npusHak nepeHoca C (paspsg D7 PSW), B kadectBe onepaHOoB MoryT
ucnonb3oBatbcs 128 6GUT 13 PEe3NOEHTHOM NAMATU AaHHbLIX U PErncTpbl crneumanbHbiX OYHKLUA, AonycKalolme

agpecaumio oTaenbHbIX 6uT.

B tabnuue Tarke ykasaHbl TMN koMaHabl (T) B cOOTBETCTBUM C Tabnvuen, ee gnvHa B bantax (b) n Bpemsi

BbIMOSTHEHWST B MALLMHHbIX Umknax (L).

Ta6bnuua.10.0Onepauuu c bumamu

Ha3BaHue komaHAbI MHemokopg Kon T|B|U Onepauus
C6poc nepeHoca CLRC 11000011 J1 |1 |1 [(C)« O
Cbpoc 6uta CLR bit 11000010 |4 |2 |1 |(b)« O
YcTaHoBKa nepeHoca SETBC 11010011 |1 |1 |1 J(C) <1
YcTaHoBka 6uta SETB bit 11010010 |4 |2 |1 |(b) < 1
NHBepcusa nepeHoca CPLC 10110011 |1 |1 |1 |(C) <« NOT(C)
NHBepcusa buta CPL bit 10110010 |4 |2 |1 |(b) < NOT(b)
Jlornyeckoe M 6uta n nepeHoca ANL C, bit |10000010 |4 |2 |2 |(C) « (C) AND (b)
Jlornyeckoe N nHeBepcum buta 1 nepeHoca ANL C, /bit |10110000 |4 |2 ]2 |(C) « (C) AND (NOT(b))
Jlornyeckoe UINN 6uta n nepeHoca ORL C, bit ]01110010 |4 ]2 |2 J(C) « (C) OR (b)
JNornyeckoe UITN nusepcum 6uta 1 neperoca |ORL C, /bit |10100000 |4 |2 |2 |(C) « (C) OR (NOT(b))
Mepeckbinka 6uta B nepeHoc MOV C, bit 10100010 |4 |2 |1 |(C) « (b)
Mepeckinka nepeHoca B 6UT MOV bit, C  |10010010 |4 |2 |2 |(b) « (C)

4.1.10.KomaHabl nepepnayv ynpaBneHuss MUKpoKkoHTposnnepa 8051.

Mpynna npeacTaeneHa KkKomaHoamMu 6e3ycrioBHOTO W YCIIOBHOMO  MEepexofdos,

noanporpamMmm 1 kKomaHgamum Bo3BpaTta M3 nognporpaMmm.
B Tabnuue Takke ykasaHbl TMN komaHabl (T) B COOTBETCTBUM C Tabnuuen, ee AnvHa B 6antax (b) u Bpems

BbINOMHEHNS B MaLUMHHbIX umknax (L).

Tabnuya.11.KomaHObI nepedayu ynpasneHust

KOMaHOaMun Bbl30OBa

Ha3BaHue komaHAbI MHemokopg Kon T|B|LU Onepauus

OnvHHBIM nepexod B nonHoM o6beme [Mr1 LJMP ad16 00000010 12|13 |2 | (PC) « ad16

ABCONIOTHbIN Nepexo BHYTpU cTpaHuubl B 2| AJMP ad11 a10a9a800001 |6 |2 |2 | (PC) « (PC) + 2, (PCo-10) < ad11

K6

KopoTkuit oTHocuTenbHbIV nepexof BHyTpu | SIMP rel 10000000 512 |2 | (PC) <« (PC) + 2, (PC) <« (PC) +rel

CTpaHuupbl B 256 6ant

KoCBEHHbI OTHOCUTENBHbIN Nepexos JMP @A+DPTR|01110011 111 ]2 ] (PC)« (A) + (DPTR)

Mepexon, ecnv akkyMynaTop paBeH Hynto | JZ rel 01100000 512 |2 |(PC)(PC)+2, ecnn (A)=0, TO
(PC)«—(PC)+rel

Mepexopa, ecnu akkymynaTop He paseH Hymo| JNZ rel 01110000 5 12 |2 |(PC)«(PC)+2, ecnn (A)#0, To
(PC)«—(PC)+rel

Mepexopn, ecnu nepeHoC paBeH eanHnLEe JC rel 01000000 512 |2 |(PC)«(PC)+2, ecnu (C)=1, To
(PC)«—(PC)+rel

Mepexon, ecnu nepeHoc paBeH HymMo JNC rel 01010000 512 |2 |(PC)«(PC)+2, ecnu (C)=0, To
(PC)<—(PC)+rel

Mepexoa, ecnu GUT paBeH eguHNLIE JB bit, rel 00100000 1113 |2 |(PC)—(PC)+3, ecnu (b)=l, TO
(PC)«(PC)+rel

Mepexoad, ecnu 6UT paBeH Hyno JNB bit, rel 00110000 11|13 |2 |(PC)«(PC)+3, ecnu (b)=0, To
(PC)«—(PC)+rel

Mepexon, ecnu GUT yCTaHOBMEH, C JBC bit, rel 00010000 11]3 |2 |(PC) « (PC) + 3, ecnu (b)=1,

nocnegyoLmm copocom buta 70 (b) « 0 n (PC)¢« (PC) + rel

[expemeHT pernctpa n nepexoq, ecnu He DJNZ Rn, rel 11011rrr 512 |2 |(PC)« (PC) + 2, (Rn)« (Rn)-1,

HYIb ecnu (Rn) # 0, To (PC) « (PC) + rel

[ekpemeHT npsimoagpecyemMoro 6anta un DJNZ ad, rel 11010101 8 |3 |2 |(PC)« (PC) + 2, (ad) « (ad) - 1,

nepexop, €Crnv He HyInb ecnu (ad) # 0, 7o (PC) « (PC) + rel

CpaBHeHue akkymynsitopa c CJINE A, ad, rel 10110101 8 |3 |2 |(PC) « (PC) + 3,ecnu (A) # (ad), TO

npsimoagpecyemMbiv 6anToM 1 nepexos, ecny (PC) « (PC) + rel,ecnu (A) < (ad), To

Heé paBHO (C) « 1, nHave (C) « 0

CpaBHeHue akkymynstopa c koHcTaHtonm  |CJINE A, #d, rel 10110100 103 |2 |(PC) « (PC) + 3,ecnu (A) # #d, T0

nepexof, €crnv He paBHO (PC) « (PC) + rel,ecnun (A) < #d, 10
(C) « 1, nHave (C) « 0

CpaBHeHue perncTpa c KOHCTaHTOW 1 CJINE Rn, #d, re{ 1011 1rrr 103 |2 |(PC) « (PC) + 3,ecnu (Rn) # #d, T0

nepexop, ecrnv He paBHO (PC) « (PC) + rel,ecnin (Rn) < #d, To
(C) « 1, nHave (C) « 0

CpaBHeHue GainTa B Pl ¢ KOHCTaHTOM U CJINE @RI #d,re] 1011011i 10]3 |2 |(PC) « (PC) + 3,ecnu ((Ri)) # #d, To
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HasBaHune KomaHAbl MHemokopf, Kon T|B|L Onepauus

nepexop, €Cnun He paBHO (PC) « (PC) + rel,ecnn ((Ri)) < #d, T0
(C)«1,nHave (C) <0
JnNVHHBIV BbI3OB NOANPOrpaMMbl LCALL adl6 00010010 12|13 |2 |(PC) « (PC) + 3, (SP) « (SP) +1,

((SP)) <~ (PCo...7), (SP) < (SP) + 1,
((SP)) « (PCs...15), (PC) < ad16

ABCONOTHbIV BbI30OB NOANPOrpamMMbl B ACALL ad11 a10a9as10001 |6 |2 |2 |(PC) « (PC) + 2, (SP)« (SP) + 1,
npegenax ctpaHuubl B 2 K6 ((SP)) < (PCo...7), (SP) « (SP) + 1,
((SP)) « (PCs...15), (PCo-10) < ad11

BosBpat 13 nognporpammbl RET 00100010 1 |1 |2 |(PCs...15) < ((SP)), (SP) « (SP) -1,

(PCo..7) « ((SP)), (SP) « (SP) -1
BosBspat 13 nognporpaMmmesl 06paboTku RETI 00110010 1 |1 |2 |(PCs...15) < ((SP)), (SP) « (SP) -1,
npepbIBaHus (PCo..7) < ((SP)), (SP) « (SP) -1
MycTas onepauus NOP 00000000 1|1 |1 |(PC)« (PC)+1

KomaHnpga 6e3ycnoBHoro nepexoga LJMP (L — long — ANMHHBIN) OCYLLECTBISAET Nepexoq no abcontoTHOMY
16-6uTHOMY agpecy, ykasaHHOMY B Terie KomMaHAbl, T. €. KoMaHga obecneynBaeT nepexoq B fobyl0 TOUKY NaMsaTu
nporpamm.

Oenictene komangsl AJMP (A — absolute — abcontoTHbI) aHanormyHo komavge LJMP, ogHako B Tene
KOMaHAbl ykasaHbl nuwb 11 mnagwmx paspsgoB agpeca. [loaToMmy nepexon OCyLWecTBAsieTCs B npeaenax
CTpaHuubl pasmepom 2 Kb6ant, nmpu 3aTOM Hago MMeTb B BUAYy, YTO CHadana CoAepXMmoe cyeTynka KomaHz
yBenuuMBaeTcs Ha 2 1 TONbKO NOTOM 3ameHsTcda 11 pa3psaoB agpeca.

B otnuune ot npeablayiimx komaHa, B komaHae SIJMP (S — short — kopoTkuin) ykazaH He abcontoTHbIN, a
OTHOCWTENbHBIA agpec nepexoda. BennunHa cwmelleHnsa rel paccmaTpuBaeTCd Kak 4YMCAO CO 3HAKoM, a,
cnegoBaTenbHO, Nepexos BO3MOXEH B npegenax — 128...+127 6ant oTHOCUTENLHO agpeca KoOMaHabl, CrieaytoLlemn
3a komaHgon SJMP.

Komanga kocBeHHoro nepexoga JMP @A+DPTR nos3BonseT BbUMCNATbL agpec nepexopa B npouecce
BbINOMHEHWS CaMOW NporpamMmei.

KomaHgamu ycroBHOro nepexona MOXHO NpoBEPSATh criedyoLlmne yCrnoBus:

JZ — akkyMynaTop CooepXXuT HyneBoe 3Ha4YyeHue;

JNZ — akkymMynsTop CooepXuT He HyrneBoe 3HayYeHue

JC — 6uT nepeHoca C ycTaHoBrEH;

JNC — 6ut nepeHoca C He yCTaHOBIEH;

JB — npsimo agpecyembii 6uT paBeH 1

JNB — npsimo agpecyembiii 6uT paBeH 0;

JBC — npsmo agpecyembli 6uT paBeH 1 M cbpacbiBaeTcs B HyNeBOE 3HAYeHWE MNP BbINOSMHEHUN
KOMaHzpl.

Bce komMaHabl YCMOBHOrO nepexoda paccMaTpuBaeMbiX MUKPO-OBM copepaT KOpOTKUA OTHOCUTEMbHbIN
agpec, T. e. Nepexod MOXET OCYyLeCTBnATbCs B npepenax—128... +127 6anT OTHOCUTENbHO CrieaytoLlemn
KOMaHAbl.

Komanga DJNZ npegHasHayeHa Ans opraHvMsauumn nporpamMHbIX LUuknoB. Pervctp Rn unu 6anTt no agpecy
ad, ykasaHHble B Tefle KOMaHAbl, cogepXaT CYEeTYMK MOBTOPEHUN uukna, a cmeweHue rel — OoTHOCUTENbHbIN
agpec nepexopa K Hadany uukna. [NMpy BbIMONTHEHUM KOMaHAbl COOEPXUMOE CYETYMKa YMeEHbLUaeTcs Ha 1 un
npoeepseTcs Ha 0. Ecnn 3HavyeHne cogepXnMmoro cyeTymka He paBHO 0, TO OCYLLIECTBIISIETCA Nepexon Ha Havarno
LMKNa, B NPOTMBHOM Criyyae BbINOMHAETCA creayolas komaHaa.

Komanga CJN yaobHa ons peanusauum npoueayp oXuaaHusi BHELUHUX cobbiTuin. B Tene komaHabl yka3aHbl
"koopauHaThl" OByx 6aWT u OTHOcuTEenbHbIM agpec nepexopja rel. B kayectBe nOByx 6Gamt moryT ObiTb
NCNoNb30BaHbl, HaNpUMep, 3HaA4YEeHUs1 COOEPXKUMOro akKymyrnsTopa U nNpaAMo agpecyemoro 6anTta unm KOCBEHHO
agpecyemoro 6arita 1 KOHCTaHTbI. [1py BbINONHEHNM KOMaHAbl 3HAa4YeHUs YKka3aHHbIX ABYX ©alT cpaBHMBAKOTCH U B
cny4yae, ecriv OHM He O[MHAaKOBbI, OCYLLIECTBISIeTCA nepexoa. Hanpumep, komanaa

WAIT: CJNE A, PO, WAIT

OyOeT BbLIMOMHATLCA OO TeX Mop, Moka 3HavyeHus Ha nuHuAX nopTa PO He coBmagyT €O 3HAYEeHUsIMU
COAEPXKMMOro akkyMyrsitopa.

[encTtBne koMaHg Bbi30oBa NMpoueayp NMOSIHOCTbI aHanorM4yHoO AENCTBUIO KOMaHg 6e3ycrioBHOro nepexoga.
EOQuHCTBEHHOE OTNNMYME COCTOUT B TOM, YTO OHM COXPaHSAIOT B CTEKE aApec BO3BpaTa.

KomaHga BosBpaTa 13 nognporpammbl RET BoccTaHaBnMBaEeT U3 cTeka 3Ha4YeHue CoOepXKMMOro cyeTdmka
KOMaHz, a komaHaa Bo3BpaTa 13 npouenypbl 06paboTku npepoiBaHua RETI, kpome Toro, paspeluaeT npepbiBaHue
obcnyxeHHoro ypoeHs. KomaHabl RET n RETI He pasnuuyatot, kakon komaHgoon — LCALL unm ACALL — 6bina
BbI3BaHa NoAanporpamMmma, Tak Kak 1 B TOM, U B APYroM Crny4dae B CTEKe COXPaHSIeTCs MOnHbIn 16-pa3psaHbIn agpec
BO3Bpara.

B 3aknioyeHve crnegyeT OTMETUTb, YTO BonbLIMHCTBO AcceMbnepoB AonyckalT 0606LLEHHYID MHEMOHUKY
JMP — pnsa komang 6esycnoBHoro nepexoga u CALL — gns komaHp Bbi3oBa noanporpamm. KOHKpeTHbIN Tvn
KomaHabl onpegensaetcs Accembnepom, ncxoasa u3 "onuvHel" nepexoga nnm Bbi3oea.
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5.[JononHuUTenbHbIe YCTPOUCTBA B PacLUMPEHHbIX BapyMaHTax
MUKPOKOHTpoOnsepa.

B npouecce CcOBEpLUEHCTBOBAHWUS MOSIBUNUCL YCOBEPLUEHCTBOBAHHbLIE MOAENM MWUKPOKOHTPOSEPOB
cemenctea MCS-51, ocHalleHHble AOMOMHUTENBHLIMU NepUEPUAHBIMU YCTPONCTBAMMN.

5.0.1.PacwupeHunsa mukponpoueccopoB cemeinnctea MCS-51/52.

Hapsigy € co3gaHMeM CROXHbIX W BbICOKOMHTErPUPOBaHHbIX CxeM, Intel Tawkke coBepLueHCTBYET
MUKPOCXEMbI, BbINYCK KOTOPbLIX Oblf1 OCBOEH [aBHO, Hanpumep, 8-pas-psaHble MUKPOKOHTPOSMEpbl unu
opHokpucTtanbHble OBM un3 cemerictBa MCS-51 (oTeuyectBeHHbIt aHanor KM1816BE51). OTM Mukpocxembl
XOpOoLlO 3apekoMeHAoBann cebsi B HeOOpPOrMX W CPaBHUTENbHO HECNOXHbIX ycTponcTBax. OCHOBHbIMU
HanpaBneHNsIMN MoAePHU3aLUN AaHHBIX MUKPOKOHTPOMEPOB SIBNSOTCS:

e yBENIMYEHUE BHYTPEHHEN namsiTu nporpamm o 32K, npyyem oHa MOXEeT ObiTb MaCO4YHOW, OLHOKPaTHO
nNporpaMMmnpyemMon unm ¢ ynbTpacuroneToBbiM CTUPaAHUEM;

e  CHWXKeHue notpebnsemMon MolHoCcTM nytem npumMeHeHus KMOTI-TexHonormm n cneumanbHbIX pexXMMoB
NOHWKEHHOrO SHepronoTpedbneHuns;

e yBenuyeHue TaktoBon YacTtoTbl Ao 20 Mru;

e MoaMdmKaums peXMMOB paboThl CHETYMKOB-TAMEPOB M MOCIeA0BaTENBHOIO NOPTa;

e pasmMelleHVe Ha KpucTansne A0oNofHUTENbHOro 060pyaoBaHuUS.

3T mMukpokoHTponnepbl Bbinyckatotcs B PLCC, DIP u QFP kopnycax n moryt pabotatb B crneayoLLmx
TemnepaTypHbIX Anana3oHax:

e kommepyeckuin (0°C — +70°C);
e pacwupeHHbin (-40°C — +85°C):
e N8 BOEHHOro ucnonbe3osaHus (-55°C — +125°C).

Bce mukpokoHTponnepbl u3 cemenctea MCS-51 wumetor obuwyo cuctemy komaHa. Hanuune
[OoMNonHUTENBLHOro 060pya0BaHUSA BNMSIET TOMbKO Ha KONMMYECTBO PErMCTPOB CreLmnanbHOro HasHavYeHus.

5.0.2.8052.

B coctaB atoro cemenctBa BxoasaT mukpo-OBM 80C52, 80C54, 80C58 ¢ macoyHo nporpammupyembim MN3Y
Bepcun 87C52, 87C54 n 87C58 c N3Y, ctnpaembim YP obnyyeHnem, a Takke Mukpo-OBM 80C32, He umetowas
BHyTpeHHero M3Y. Mexay cobon OHM pasnuyaloTCca Takke koprnycamu, pabounmm vHTepBanamy Temneparyp,
npeaensHO AOMYCTUMOW TakTOBOW 4aCTOTOM U psSiAOM ApYrvx napameTpoB, OTpaXaembiMu B ByKBEHHO-LMGPOBOM
WHpopmaumm nocne ob6o3HaveHus1 Tuna MUKpPo-OBM. 3Ty uHpopmauuio MOXHO MonyunTb n3 OUPMEHHbIX
pykoBoacTts Intel, AMD u gpyrux npoussoautenen mukpo-OBM paccmaTprBaemMoro cemencTsa.

B otnnume ot 8051 mukpo-OBM cemencTtea 8052 nmetort:

BcTpoeHHoe N3Y obvemom 8 (80C52), 16 (80C54) n 32 K6ant (80C58);

BcTpoeHHoe O3Y ob6bemom 256 6anT;

OOMONHUTENbHbIE cneunarnbHble PYHKUUOHANbHbIE PETUCTPbI;

Tanmep/cyeTunk 2 (ganee anga kpatkoctm — T/C2), cnocobHbin paboTaTe B pexumax 3allenku, Tau

Mepa/cyeTunka, OOoMyCKalLero CHET Kak Ha yBenuvyeHune, Tak U Ha YMeHbLUEeHWe, 1 reHepaTopa CKOpOCTU

nepegayn B 6ogax;

e MporpamMMupyeMbIi  MocrnegoBaTenibHbli  MHTEpPENC C  OeTeKTupoBaHuMeM oOwuboK nepepadun w
aBTOMaTUYECKMM pacno3HaBaHWeM agpeca;

e  LLECTb MCTOYHUKOB MpepbIBaHNIA;

®  PACLUMPEHHBIA PEXMM CHWXKEHUS NOTPEBNSEMON MOLLHOCTM, — donar OTKIMIOYEHUSI MUTAHUS; — PEXUM

ONCE.

Mwukpo-OBM 8052 ucnonb3yloT cTaHgapTHbiM Habop komaHg cemenctBa 8051, mx BbIBOAbI B3avMHO
O[HO3HAYHO COOTBETCTBYIOT BbiBOAAM 3TUX MUKPO-OBM. OTnuume 3aknioyaeTcs nuilb B TOM, YTO, MOMWUMO
BBOZAa\BbIBOAA MHAopmMaLmy, BeiBogbl P1.0 u P1.1 8052 mMoryT BbINOMNHATL anbTepHaTUBHbIE OYHKLMW: NEPBbIA N3
HUX urpaeT pornb BHellHero Bxoda anga T/C2, a BTopow ynpaBnsieT nepesarpyskon/3allenkmsaHmemM uHgpopmaumm
B peructpbl T/C2.
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5.0.3.8XC51FA.

B kavectBe ogHOM M3 nepcnekTuBHbiX mogenen MCS-51 moxHo cumtaTb mukpocxemy 8XC51FA. B ee
COCTaB BXO4AT:

yeTblpe 8-OMTHbIX NapanmnenbHbIX NopTa;
moaynb PCA:

nocrieqoBaternbHbINA NOpT;

TpU 16-OUTHBIX CHETYMKa— Tanmepa.

MWKPOKOHTPOIEPDLI C BHYTPEHHEN NaMATHI NPOrpamMm MO3BOSISAIOT 3alUMLaTh CBOM NPOrpaMMHbIE KOAbl OT
KonmpoBaHus. [Insi 3TOro Ucnonb3yeTcs cxeMa GITIOKMPOBKM BHYTPEHHEN MaMsiTu NporpaMm, KoTopasi COCTOUT U3
cneumanbHbix 6utoB (Lock bits) u kogmpytowero maccma (Encryption Array). 3anporpammupoBaB oguH wnm
HECKOJbKO Takux OMTOB, MOXHO MOSIHOCTBIO UITM YaCcTUYHO 3abnokMpoBaTtb 3Ty namaATtb. [py nonHon G6roKMpoBKe
OyOeT HEBO3MOXHO: — YTEHME C BHELHEN LWWHbl BHYTPEHHENW MaMsTU nporpaMMm; — garnbHenee
nporpaMMmMpoBaHne KpucTanna;, — BbIMNOSIHEHNE KOMaHL W BHELWHEW namaTn nporpamm. [lpu YacTuyHOR
ONoKMpoBKE BO3MOXHO 3anpeTuTb WM paspellnTb BblLENEPEUYUCTIEHHbIE OENCTBMS MO  OTAENbHOCTMW.
KoaupytoLimin MaccuB MCNomnb3yeTcsa Angd nopaspsifHoro BbinonHeHus norudeckon onepaumm XNOR Hap 6avitamu
N3 BHYTPEHHEN NamaATy nporpamMm u 6antamm U3 aToro Maccmea npu BepmdmrkaLmm, ecnm oHa paspeLleHa.

OcHoBHbIM oTnuumem mogenen 8XC51PA OT oTeyecTBEHHbLIX aHanoroB sBnseTcs Hanuuue moayns PCA
(Programmable Counter Array) .

OTO YCTPOMCTBO COCTOUT U3 16-paspagHOro cyeTyMka-Tanmepa M NSTU MoAyren cpaBHeHusi-3axBaTta. B
KayecTBe BXOAHbLIX MMIMYIbCOB AN CHETUMKA-TalMepa MOTyT CITY>KUTb CUrHanbl;

YyacTtoTa pe3oHatopa /12;
nepenosiHeHue ot Timer O;
yacToTa pesoHartopa /4;

BHELLIHWIA CUrHan Ha KoHTakTe P1.2.

Kaxgbii n3 nsatu Mop,yne|7| CpaBHEHUNA-3aXBaTa MOXeT pa6OTaTb B CleayrLnx pexmmaxx :

3axBaT NOMNOXMTENBHOIO NN oTpyUaTenbHOro (poHTa;
nporpaMmMHbIN Tanmep;

CKOPOCTHOW BbIBOA,;

reHepaTop MPAMOYrofibHbIX MMMYIbCOB C 3aAaHHON CKBaXKHOCThIO.

YeTBepTbin MOAynb nmeeT Takke pexum Watchdog Timer .

PCA pekomeHayeTcsi MCNonb30BaTh OJ19 U3MEPEHUST TaKMX NapaMeTPOoB, Kak LUMPMHA MMMYNbCca, Pa3HOCTb
a3, CKBaXXHOCTb W 4acToTa, a Takke Ans (OpMMpOBaHMST Ha BHELHUX BbIBOAAX MUKPOKOHTpossepa
NPSIMOYronbHbIX CUrHanoB. B npuHuMne, Ons 9TUX Uenen MOXHO WMCMNONb30BaTb CHETYUKU-TaMMepbl, KOTOpble
nmerotTca Ha kpuctanne. OgHako npu mncnonb3oBaHunm PCA noBbIWaAeTCcss TOYHOCTb 3a CYET TOro, YTO CYETUUK-
Tanmep, Bxoasuwmn B coctaB PCA, MOXET N3MEHATb CBOE 3HAYEHME TPWXKObl 3@ MaLIWHHBIA Uukn. OTMETUM, 4TO
00OblYHbIE CYETUMKU-TANMEPbLI MOTYT U3MEHSTb CBOE 3HAYEeHWe NULb OAMH pa3 3a MalMHHbLIN Uuukn. Kpome Toro,
PCA TpebyeT 3HauuMTENBHO MEHbLLEro BMeLlaTensCcTBa npoLeccopa.

5.0.4.8XC51GB.

bonbwon  uHTepec Ons pa3paboTyMKOB  3MEKTPOHHOM  annapaTypbl  MOMyT  MpPeACTaBnsTb
MUKpokoHTponnepbl 8XC51GB. Ha kpuctanne aToro ycTponcTBa MMeeTcs crieqytollee o0opyaoBaHue:

WecTb 8-6UTHBIX NapannenbHbIX NOPTOB:

nBa moayna PCA ;

Tpn 16-BUTHBIX CYETUMKa— Tanmepa;

OEeTeKTop NageHns 4acToThbl;

ABa nocrnegoBaTernbHbIX MOPTa;

oTtaenbHbIn Watchdog Timer:

8-kaHanbHbIN, 8-6uTHBIN AL nopa3spsgHoro npnbnumxkeHns .

5.0.5.80C152.

Pa3BuTne KOMMyHMKaUWOHHbIX BO3MoXHoCcTen MCS-51 Hawno oTtpaxeHue B MukpokoHTponnepe 80C152,
roe Hapsay ¢ obblvHbIM nocriefoBaTenbHbIM nopToM nosisnsieTca GSC (Global Serial Channel). 310 ycTponcTteo
nogaepxunBaeT craHaapTHble npoTokornbl SDLC u npumeHsaembii B cetsax Ethernet CSMA/CD. Takke BO3MOXHO
nucnonb3oBaHWe MNPOTOKONOB, onpedeneHHbix nonb3oBateneM. GSC obecneuynBaeT paboTy Ha puanyeckoMm u
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KaHanbHOM YpPOBHSAX cornacHo 6asoBov Mogenu OTKpbiThix cuctem ISO. [Ons nepegadn uwHgopmaumm
ucnonesytotcsa NRZI n maHuectepckuii kogbl. Kpome GSC mukpokoHTponnep 80C152 mmeeT nate 8-6UTHbIX

napanneneHbIx nopToB aAnsa 48-sbiBoaHoro DIP kopnyca (cemb ans 68-seiBogHoro PLCC), aga kaHana MNAMN n aga
cyeTyuKa-Tarimepa.

5.0.6.MapkupoBKa MUKpOKOHTponnepoB ¢upmsl Intel.

[na mapkuposku mukpocxem compmont INTEL npumeHsieTca cuctema o603HauveHin U3 HECKOMNBbKUX MOMen:

1 2 3 4
X XX XXXXXXXXXXXXXXX XXXXXX
MepBoe none coaepxmMT ogHOBYKBEHHBIN NpedrKe, oTpaXXaroLWwmin TeMnepaTypHbI AMana3oH MUKPOCXEMbI:
A (Automotive), aBTOMOGUNBHOE NCNOMNHEHME OIS PACLUMPEHHOIO TEMMepPaTypHOro aguanasoHa
(-40/+125°C)
M (Military), ncnonHeHue no BoeHHbIM cTaHgapTam (-55/+1250C)

Qumm C  (Commercial), "koMMepyeckuit" TemnepaTypHbIi AnanasoH (0/+70°C) ¢ (160+8)-4acoBoi
OVNHaMUYeCcKon TepMOTPEHMPOBKON;

LunmmE  (Extended), "paclumpeHHbIit" TemnepaTypHbIi AnanasoH (-40/+85°C) ¢ (160+8)-4acoBoi
[AVHAMUYECKO TEPMOTPEHNPOBKON;

T (Extended), "paclumpeHHbIN" TeMnepaTypHbIi guanasoH (-40/+85°C) 6e3 TepMOTPEHMPOBKY;
I (Industrial), ncnonHeHne No NPOMBILLINIEHHLIM CTaHAapTaMm.

BTopoe none cogepXut ogHO- vnn OBYXOYKBEHHbIM NpPedUuKC, yKasbiBalOWUA Ha BapuaHT WCMOSTHEHWS
kopnyca Mukpocxembl (Package Type). PasnuuHbix TMMOB KOPNYCOB MUKPOCXEM Ha CErOAHSLIHWIA OEHb HECKOSbKO
OEeCSTKOB, MO3TOMY B Ka4eCTBe npumepa NpuBeAeM NULLb HEKOTOpble 0003HaYEeHUS:

Ceramic Pin Grid Array, (PGA);

A
C Ceramic Dual In-Line Package, (CDIP);

K Ceramic Quad Flatpack Package, (QFP);

KD Plastic Quad Flatpack Package, Fine Pitch, Die Down, (PQFP);
KU Plastic Quad Flatpack Package, Fine Pitch, Die Up, (PQFP);

N Plastic Leaded Chip Carrier, (PLCC);

P Plastic Dual In-Line Package, (PDIP);

SM Single In-Line Leadless Memory Module, (SIMM);
U Plastic Dual In-Line Package, Shrink Dip, (PDIPS);
Z Zigzag In-Line Package, (ZIP).

TpeTbe none MoXeT coaepxaTtb A0 15 LIMd)pOBbIX n 6yKBeHHbIX CMMBOJIOB, YKadblBawLWKMX Ha Tun
KOHKPETHOIro yCTpOﬁCTBa, pacnosioXKeHHOro Ha Kpucrtarnne.

HeTBepToe nosie MOXeET BKI4YaTb A0 LIeCTU Ll,l/ld)pOBbIX n 6yKBeHHbIX CMMBOIJ10B, OTpaXarLlunx pasrinyHble
0COBEHHOCTU U BapuaHTbl NUCMOJTHEHNA MUKPOCXEM.

JononHuTenebHyo MHOPMaUUo Mo TUMam KOPNYyCoB M UX KOHCTPYKTUBHOMY WCMOMHEHWUIO MOXHO HanTu B
kHure: Packaging Order Number 240800.
MpMEHUTENBHO K ONMCbIBAEMbIM MUKPOKOHTpOMepam cemenctea MCS-51, nepBbii CUMBOS TPETLETO NONS

TpaguumMoHHo (anst compmel Intel) paeeH "8". BTopoi cumBon TpeTbero nossi 06bIYHO yKa3biBaE€T Ha TUI
BCTpoeHHoro M3Y:

0 MacouyHoe N3Y nporpamm; kpuctann 6e3 MN3Y (ansa no3gHUX BEpCUN KPUCTAIOB);

1 mMacouyHoe N3Y nporpamm (Standard ROM Code, Firmware);

3 mMacouHoe M3Y (ansa nosgHux Bepcun kpuctannos), (Customizable ROM Code);

7 Y®PI3Y unun ogHokpaTHo-nporpammupyemoe MN3Y (EPROM or OTP ROM);

8 OCIMN3Y (Flash - namaATb Ha kpucTanne)

Hanee moxeT crnegoBaTh OyKBa, ykasbiBaloLLas Ha TEXHONOMMYECKME OCOOEHHOCTM U3rOTOBIEHNS:
OTCyTCTBUE BYKBbI TexHonornsa HMOS, nutaHue 5B;

C TexHonorns CHMOS, nutaHue 5B;

L TexHonorns CHMOS, nutaHue 3B;

CnegyloLmMmn CUMBOSIaMM TPETLETO NONA AN MUKPOKOHTposiepoB cemenctBa MCS-51 asnstoTca Homepa
(Hanpumep, 31,32,51,54,58,152) 1 oT ogHOM OO YeTbipex BYKB, KOTOPLIE OTPaXXatT PYHKLMOHANbHbLIE OCODEHHOCTH
KpucTtannos (Hanpumep, 06bem MN3Y, cneundmky rpynnbl KPUCTanoB, HanNM4Yne CUCTEMbI 3aLLMTbI NaMATK
nporpaMm OT HECaHKLMOHMPOBAHHOIO JOCTYMNa, BO3MOXHOCTb MCMOMb30BaHUA 6onee CoBepLUEHHOro anropuTtMa
nporpammupoBaHus "Quick Pulse" n Tomy nogo6Hoe).

B opurMHansHon TexHu4eckon okymeHTaumm counpmebl Intel Bce MmukpokoHTponnepbl cemerictea MCS-51
CKOMMoHoBaHbI no rpynnam ("Product Line"), kaxxgasa ns Kotopbix 00beanHsaeT Hanbonee 6nmnskue No CBOUM
PYHKLMOHANbHBIM BO3MOXHOCTSAM U 3MEKTPUYECKNM NapaMeTpaM Bepcun Kpuctanmnos. [ockonbKky HanmeHoBaHUA
MUKPOCXEM OLHOW rpymnbl pasnmMyaloTCa He3HauYMTENbHO, TO ANA 0603Ha4YeHUs Kaxaom OTAENbHOM rpynnbl
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npumMmeHsieTcs o6o6LLeHHas cMMBONUKa, 06pa3oBaHHasA U3 MapKMPOBKM KOHKPETHBIX MUKPOCXEM, NyTEM 3aMeHbI
pasnuyatoLLmxcs cumBosnoB Ha "X". Taknm o6pa3oM, MOXHO BbIAENUTL crneayoLue rpynnbl MUKPOKOHTPOSEPOB.

Mpynna 8X5X (8051 Product Line n 8052 Product Line):8031AH, 8051AH, 8751H, 8051AHP, 8751H-8,
8751BH, 8032AH, 8052AH, 8752BH.

F'pynna 8XC51 (80C51 Product Line):80C31BH, 80C51BH, 87C51.

pynna 8XC5X (8XC52/54/58 Product Line):80C32, 80C52, 87C52, 80C54, 87C54, 80C58, 87C58.

Mpynna 8XC51FX (8XC51FA/FB/FC Product Line):80C51FA, 83C51FA, 87C51FA, 83C51FB, 87C51FB,
83C51FC, 87C51FC.

Mpynna 8XL5X (8XL52/54/58 Product Line):80L52, 87052, 80L54, 87L54, 80L58, 87L58.

Mpynna 8XL51FX (8XL51FA/FB/FC Product Line):80L51FA, 83L51FA, 87L51FA, 83L51FB, 87L51FB,
83L51FC, 87L51FC.

Mpynna 8XC51RX (8XC51RA/RB/RC Product Line):80C51RA, 83C51RA, 87C51RA, 83C51RB, 87C51RB,
83C51RC, 87C51RC.

Mpynna 8XC51GB (8XC51GX Product Line):80C51GB, 83C51GB, 87C51GB.

Mpynna 8XC152JX (8XC152 Product Line):80C152JA, 83C152JA, 80C152JB, 80C152JC, 83C152JC,
80C152J4D.

Fpynna 8XC51SL (8XC51SL Product Line):80C51SL-BG, 81C51SL-BG, 83C51SL-BG, 80C51-AH,
81C51SL-AH, 83C51SL-AH, 87C51SL-AH, 80C51SL-AL, 81C51SL-AL, 83C51SL-AL, 87C51SL-AL.

5.1.PCA mukpokoHTponnepa 8051.

HecmoTpsa Ha GypHoe pasBuTME MUKPOIMEKTPOHMKU 3a MOCregHee Bpems, MO-MpexHeMy BO BCEM MUpe
OCTalTCA MONyNsAPHbIMA  MUKPOKOHTponnepbl cemenctBa MCS-51 dmpmbl  Intel. OTnmumtenbHom 4epTom
nocrieqHUX Mogernen aTmx MMKPOCXEM SIBNSIETCA Hanuume y Hux Hoeoro yctporctBa PCA (Programmable Counter
Array). OHo obBecneumnBaeT 6Gonbluve "BpeMeHHble" BO3MOXHOCTU MO CPaBHEHWIO C OBbIMHBIMK CHETYMKaMU-
Tanmepamu, KOTopble UMEIKOTCA Ha KpucTanne, Npy 3ToM JocTuraeTcs 6onblias TOMHOCTb C MEHBLUMMU 3aTpaTamum
pecypcoB O3BM. PCA pekomeHayeTCa UCNONb30BaTh AMs N3MEPEHUS TakMxX napaMeTpoB, Kak LUMprHa MMnynbCca,
4yacToTa, CKBaXHOCTb, a TaK e AaAnsg (opMUMPOBaHMS MNPSIMOYrofbHbIX WMMMAYNbCOB Ha BHELUHUX BbIBOAAX
MUKPOKOHTpoOMnepa. 3T1o ycTponcTeo umeetcsa y moaenen 80C51FA, 80C51FB, 80C51PC 1 80C51GB.

PCA coctout n3 16-paspsigHOro Tanmepa-cyeTdmMka M natm 16-paspsagHbix MOAynen CpaBHeHUs-3axsaTta
(compare-capture), kak NokazaHO Ha PUCYHKE.

MOOYNb 0 P1.3/CEd

MOOYNb 1 +—s{ ] P1.4/CEX1

PCA Tafiuep/cusmes

MOIY/Ib 2 «—e{] P1.5/cEK

"
——  wonms o] Praces
-

MOOYNb 4 l—a] ] P1.7/CBN4

Puc.10. Tatimep PCA

Tanmep PCA aBnsaetcst 6a3oin BpeMeHn ans natm Moayrnen U eAUHCTBEHHBIM TaliMepoM, 06CyXMBaOLLIMM
PCA. Ha ero c4eTHbI BXOA MOryT nofaBaThCs criefytoLline curHansbi:

TakToBas yactota/12,

TakToBas yactortal/4,

curHan nepenosnHeHus ot Tanmepa 0,
BHELUHWUI curHan ¢ koHTakta EC1(P1.2).

Kaxablii Mooynb CpaBHEHUsI-3axBaTa MOXET paboTaTb B OAHOM U3 CriedytoLLMX PEXUMOB:

3axBaT no oPoHTYy 1/unu cnagy,
nporpaMmMmmpyembIi Tanmep;

CKOPOCTHOW BbIBOA,

reHepaTop MMMYNbCOB C 3aaHHOWN CKBaXXHOCTbIO.
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Kpome atoro, 4eTBepThil MOAYNb MOXET paboTaTbh B pexunme cTopoxeBoro Tavmepa (watchdog timer). Bo
Bpems paboTbl MOAYNSA B KakoM-nnbo pexume MOXeT popMuMpoBaTbCsa 3anpoc Ha npepbiBaHue. [pu atom Bce
Natb Mogyrnem u curHan nepenonHeHns ot PCA Tanmep-cyeTuMka COBMECTHO WCMONb3YKT OOWH BEKTOp
npepbiBaHus. BHelwHne koHTakThl ycTporictBa PCA 1 napannenbHoro nopta 1 coBmelleHbl. KoHTakTbl, KOTOpbIe
He 3agencTBoBaHbl Npy pabdote PCA, moryT ucnonb3oBaTbes Anst 06bIYHOro BBOAA-BbIBOAA.

5.2.16-pa3psaHbIN TanMep-c4eTYMK ycTponuctBa PCA MmukpokoHTponnepa MCS-51.

16-pa3pagHbin Tanmep-cHeTdunk PCA nmeet asa peructpa CH un CL - cTtapwumi u mnagwmi 6antel. 3anucs
W YTEHMe 3TUX PerucTpoB BO3MOXHO B N0OON MOMEHT BpeMeHu. Ha pucyHke npeactaBneHa CTPYKTypHasa cxema

PCA Tanmepa-cueTumka.
Kk PCA mogynam 0 - 4

| cp:s:] CP:I:- MPEPEIBAHMWE
HACT M2 L e
I [1]
::EL_“!I_B______ 1' - ol CH | cL |—ad CF - >
Biia. ECI t !
1 1
» | PASPELIEHHE
i
: YNPABNEHWE
|
-
cioL
NpoUsCCoD
B IDLE MODE

Puc.11. CmpykmypHasi cxema PCA malmepa-cHyemyuka.
Ha ero moryT nogaBaTtbCs cneaytoLLme curHanbl:

e TakTtoBasa 4yacrtota/12 (peructp CL 3a kaxabli MalUWHHBIA LIMKN YBENUMYMBAET CBOE 3HAYEHMEe B MOMEHT
S5P2, npu BHelwHeM pe3oHaTope 16MI L aTo nponcxoauT kaxable 750 He.);

e TakTOoBasa 4vactoTal/4 (permctp CL 3a Kaxabll MALIMHHBIA LMK YBENMYMBAET CBOE3HAYEHME B MOMEHTbI
S1P2, S3P2, S5P2, npu BHewHeM pe3oHaTope 16MIy 310 npoucxoauT kaxable 250 Hc.);

e nepenoniHeHue ot Tanmepa 0 (pernctp CL 3a kaxabli MaLLMHHBIA LUK yBENMYMBAET CBOE 3HaYeHue B
MoMeHT S5P2 npu nepenonHennn Tanmepa 0):

e BHewHun curHan(peructp CLnocne obHapyxeHusi nepenaga 1-0 Ha koHTakTe ECI(P1.2) yBenunumBaet
CBO€ 3Ha4yeHue B nepsbi 3 MomeHToB S1P2, S3P2, S5P2, makcumanbHasi YactoTa BXOQHOrO CUrHana B
3TOM pexunme paBHa TaKTOBOM YacToTe/8).

CH yBenuumBaeT cBOe 3Ha4YeHUe nocne AByX TakToB npu nepenonHeHum CL.
Ona 3apgaHuns pexumoB pabotel PCA Tanmmepa-cueTuvka umelotcs peructp pexmmoB PCA Tanmepa-
cuyetumka (CMOD) u peructp ynpaeneHus PCA taiimepom-cyetynkom (CCON).

5.2.1.Peructp pexumoB PCA Tanmepa-cyetumnka CMOD.

Anpec=0D9H
3HauveHune nocne copoca OOXX X000B agpecaums K oTaenbHbIM OUTaM HEBO3MOXHA
Cumson|lo3uuus Ama n HasHa4vyeHue

CIDL=0 paspeluaet paboty PCA B "pexume xonoctoro xoga" (Idle Mode), CIDL=1 3anpeLaet
paboty PCA B pexume "xonoctoro xoga".
WDTE=0 3anpeLuaeT pexum cTopoxesoro Tanmepa (watchdog timer) yetsepTomy Moaynto
cpaBHeHus-3axsata, WDTE=1 pa3peLuaeTt aT0T pexxum.

CIDL |CMOD.7

WDTE |CMOD.6

- CMOD.5 -
- CMOD 4 -
- CMOD.3 -
VICTOYHUK cUrHanoB gnis Taimepa-cyetynka PCA
CPS1 |CMOD.2|CPS1|CPSOjcurHan Ha cyeTHOM Bxoae PCA TarimepacyeTyumka
0 0 TakToBas YacTtoTa/12
0 1 TakToBas vactora/4
CPSO |CMOD.1|_1 0 nepenonHeHve ot Tanvepa 0
1 1 BHELUHUA curHan Ha koHtakte EC1/P1.2
ECE |cMoD.o ECF=1 paspewaeT cnary CF B CCON reHepupoBaTb 3anpoc Ha npepbiBaHue. ECP=0

3anpewaeT gaHHy pyHKUMIO.
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5.2.2.PerucTtp ynpaBneHusi PCA tanmepom-cyetunkom CCON.

Anpec=0D8H
3HayeHune nocne cbpoca 00X0 0000B Bo3moxxHa agpecaums K otaensHbIM butam

CumBon|o3nuus MUmsa n HasHavyeHue
®nar nepenonHeHnsa PCA Tanmepa-cyeTumka, ycTaHaBNMBaeTCs annapaTHO Npu nepenosiHeHnn
cF |ccon.7|  cueTumka. CF reHepupyeT 3anpoc Ha npepbiBaHWe TONbLKO Npu ycTtaHoBreHHoMm 6ute ECP B
CMOO. CP MOXHO yCTaHOBUTb Kak NporpaMmHoO, Tak 1 annapaTtHO, HO cOpacbiBaeTCs OH TOMNbKO
nporpaMmMHo.
CR |ccons but 3anycka PCA Tanmepa-cuyetuumka. [pu nporpammHon yctaHoBke BkrtoyaetT PCA Tanmep-
cyeT4uk. NMpu nporpaMmMHOM cOpOCE BbIKITHOYaET.
- CCON.5 -
CCF4 |CCON.4 dnar npepbiBaHua Moayns 4. YcTaHaBnMBaeTCs annapaTHo, Korga npovcxoaut
cooTBeTcTBYOLEee cobbiTne. ChHpackbiBaeTcs NporpaMmmMHoO.
CCF3 |ccoN3 ®nar npepbiBaHus Moayns 3. YcTaHaBnMBaeTCcs annapaTuo, Koraa npoucxoant
cooTBeTCcTBYlOLEee cobbiTne. CoHpacbiBaeTCs NporpaMmmMHoO.
CCF2 |ccoN.2 dnar npepbiBaHWa Moayns 2. YcTaHaBnMBaeTCs annapaTHo, Korga npovcxoaut
cooTBeTCTBYOLEee cobbiTne. ChHpacbiBaeTCs NporpaMmmMHo.
CCF1 |cCON.1 dnar npepbiBaHus Mogyns 1. YcraHaBnvMBaeTcs annapaTHO, Korga NpoucxoauT
cooTBeTCTBYOLEee cobbiTne. ChHpacbiBaeTCs NporpaMmmMHo.
CCFO |ccoNo dnar npepbiBaHus mogyns 0. YcraHaBnvMBaeTCcsa annapaTHO, Korga NpoucxoauT

cooTBeTCTBYOLEee cobbiTne. ChHpacbiBaeTCs NporpaMmmMHO.

5.3.Moaynu cpaBHeHusA-3axBaTta PCA MukpokoHTponnepos MCS-51.

Kaxgbin Mmodyrnb MOXET BbINOMHATL NoByIo U3 cneayowmx yHKLWA:

3axBaT 16-pa3psgHOro 3HayeHns No PpPoHTY,

3axBaT 16-pa3peHoro 3Ha4yeHus no cnagy;

3axBaT 16-pa3psiAHOro 3HayYeHust 1 No pPoHTY M Mo cnagy,
16-paspagHbIv nporpaMMmpyemMbli Tanmep;

CKOPOCTHOW BbIBOA;

reHepaTop MMMynNbCOB 3a4aHHON CKBaXXHOCTW.

UeTBepThI MOOYINb MOXET Takke paboTaTb B pexume CTOPOXEBOro Tanmepa.

Y kaxporo moaynsa umeetcs ABa 8-paspsgHbix permctpa CCAPnH u CCAPnL. B atux peructpax wnm
dukcupyeTcs wnu 3agaetcd MOMEHT HacTynneHus Hekoero cobbiTus. B pexunme  LUMPOTHO-MMMYNbCHOW
moaynsumm CCAPnH onpepensieT CKBaXXHOCTb UMMNYNbCOB. Pexum paboTbl MoOAyns CpaBHEHWs 3axBaTta
onpegenset pernctp CCAPMn (n=0,1,2,3,4).

5.3.1.PerucTtp pexumoB moayns cpaBHeHuA 3axBata CCAPMNnN.

3HaueHune nocne cbpoca X000

Agpeca CCAPMn (n=0..4)

CCAPMO |0DAH
CCAPM1 |0DBH
CCAPM2 |0DCH
CCAPMS3 |0DDH
CCAPM4 |ODEH

agpecauus K otaenbHblM GuTaM He BO3MOXHa
CumBon| MNo3nuua Mmna n HasHa4yeHue
- CCAPMN.7| -
ECOMN|CCAPMnN.6 ECOMnN=1 paspelueHne cCpaBHEHMS.
CAPPn [CCAPMN.5 CAPPnNn=1 paspelueHne 3axBarta no poHTy.
CAPNn [CCAPMn.4 CAPNnN=1 paspelueHune 3axBaTa no cnagy.
MATn ICCAPMN.3 Ecnn MATn=1, To npu coBnageHun 3Ha4deHuii B PCA Tanmepe-cyeTumke 1 B permcrpax

CCAPNN, CCAPnL yctaHaBnmBaetcsa cpnar CCFn B permctpe CCON.

Ecnn TOGn=1, To npn coBnageHunn 3Ha4yeHns PCA B Tarimepe-cyeT4mKe 1 B permcrpax

TOGn |CCAPMn.2| CCAPnH. CCAPNL. Ha BHelHeM kKoHTakTe CEXn nponcxoauT nepekntoveHne curHana (0-1
unn 1-0).
PWMn ICCAPMN. 1 PWMn=1 paspeluaeT ucnonb3oBaTb BHELUHWA KOHTaKT CEXn pns reHepauum nmnynscoB
3a4aHHON CKBa)XHOCTM.
ECCFn [CCAPMN.0 Paspewenne dnary CCFn B pernctpe CCON reHepupoBaTh 3anpoc Ha NpepbiBaHME.
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5.3.2.Pexxunmbl pabotbl PCA.

B Tabnuue npeacTtaBneHbl kombuHaumm ©6utoB peructpa CCAPMn, cooTBeTCTByHWOLWME pPa3fUYHbIM
pexumam paboTbl MOAYNSA CpaBHEHUs-3axBaTa.

ECOMN|CAPPn|CAPNnMATNnTOGNnPWMn[ECCF PyHKUMM MoaynA
X| O 0 0 0 0 0 0 HeT onepauumn
X[ X 1 0 0 0 0 X 3axBaT no gpoHTy Ha CEXn
X X 0 1 0 0 0 X 3axsart no cnagy Ha CEXn
X X 1 1 0 0 0 X 3axBaT no nepenagy Ha CEXn
X 1 0 0 1 0 0 X nporpaMMmpyemMbIiin Tanmep
X 1 0 0 1 1 0 X CKOPOCTHOW BbIBOA
X1 0 0 0 0 1 0 |mMogynupoBaHue AnuTenbHOCTU MMNyNbea
X 1 0 0 1 X 0 X CTOPOXXEBOW Tanmep

5.4.Pexxumbl paboTbl PCA MukpokoHTponnepoB cemenctsa MCS-51.
5.4.1.Pexxnm 3axBara.

Mpn obHapyxeHun dpoHTa MM cnaga Ha BHewHeMm BbiBoge CEXn B 3TOM pexume OCyLLEeCTBNSIETCS
3anucb 3HaveHusi PCA Tanmmepa-cyetumka B peructpbl CCAPnH, CCAPNnL (cMm. pUCYHOK). OTOT pexunm
pekomMeHayeTCs MCMonb3oBaTb MNP U3MEpPeHWM MNEepUoAOoB, ANUTENbHOCTU, CKBaXKHOCTM WMMMYMbCOB, a Takke
pasHocTM a3 mexay pasnuuHbiMu Bxogamu. YcrtaHoBka 6utoB CAPPn wn/vnn CAPNn B pernctpe CCAPMn
onpenenset nepenag (0-1 unu 1-0), no koTopoMy ByaeT ocyLlecTBnATbLCA 3axsaT. pu 3axsaTe ycTaHaBnMBaeTCs
dnar cobbitua mogyna CCFn B pernctpe CCON, 1 reHepupyeTcs 3anpoc Ha npepbiBaHWE, ECNN YCTaHOBIEH BUT
ECCFn B pernctpe CCAPMn. ®nar cobbiTnsi cbpabiBaeTcs nporpaMmmMmHo. [1o HacTynneHus cnegytoLllero cobbitus
3HadyeHve B peructpax CCAPnH, CCAPnL pomkHO 6bITb coxpaHeHo B O3Y noanporpammon ob6paboTtku
npepbiBaHus. B npotusHom crniydae, B peructpax CCAPnH, CCAPNL ByaeT 3anncaHo HOBOE 3HaYeHue.
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Puc.12. Pexum 3axeama.
5.4.2.Pexxnm 16-pa3psagHoOro nporpaMmMmpyemMoro tTammepa.

B atom pexume 16-paspagHoe 3HauyeHne PCA Tanimepa-cuyeTuuka cpaBHuMBaeTca C 16-paspsaHbiM
3HayeHMeM, KoTopoe Obino npeasaputenbHo 3arpyxeHo B peructpbl CCAPnH, CCAPnL ogHoro u3 mopgynen
CpaBHeHMsI-3axBaTa. ATO NPOUCXOOUT TPWXKAbl 3a MaLLMHHbBIA LMK, YcTaHoBka 6uta ECOMn B pernctpe CCAPMN
paspeliaetT (YHKLUUIO CPaBHEHMS, KaK MOKa3aHO Ha pucyHKke. [ns nepexoja B pPeXuM MNporpaMMypyemoro
TariMepa TaKkke JOIDKEH ObiTb

yctaHoBrneH 6ut MATN. Korga nmpoucxogut coBnageHve 3HadeHun PCA TalimepacyeTyuka U perMctpoB
CCAPNnH, CCAPNL, yctaHaenunaetcsa d¢nar cobbitun CCFn. Tpu aTom OygeT reHepupoBaTbCsa 3anpoc Ha
npepsiBaHue, ecnv 6ut ECCFn yctaHoeneH. MaTtemaTtuyeckoe obecneyeHne OOMmMKHO copackiBaTb dnar cobbITui
CCFn nepen TeM, Kak NPON30OMAET creaytollee coBnageHue.

Moanporpamma o6paboTku npepbiBaHUA MOXET 3anucaTb HOBOe 16-pa3psgHoe 3HayeHne B Peructpbl
CCAPNnH, CCAPnL. OgHako crnegyeT nomHutb, 4to 3anucb B CCAPNnL cbpacbiBaeT ECOMn 6ut, Tem cambiM
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3anpeLlas YHKUMIO CPaBHEHUA Ha BpeMsi NoKa MPOUCXOAUT U3MEHEHWEe COOEpPXUMOro 3TUX PEernmcTpoB, YTO
nossonsietr usbexatb HeBepHoro coBnageHus. 3anuce CCAPnH yctaHasnusaetr 6ut ECOMn n Bo3obHoBnseT
paboTty komnapaTopa. 1o aTon npuuMHe matemaTudeckoe obecrnedeHue OOMKHO 3anuckiBaTb cHadana CCAPNL,
3atem CCAPNH.
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Puc.13. Pexum 16-pa3psiOHO20 rpospaMmupyemMozo maimepa.
5.4.3.PeXXnm CKOPOCTHOro BbiBOAA.

B atom pexunme dopmupyeTcsa curHan Ha BHewHeM BbiBoge CEXn, korga npoucxoguT coBrageHne PCA
TariMepa Co 3HadeHMeM, KOTopoe ObINo npeaBapuTenbHO 3arpykeHo B pernctpel CCAPnH, CCAPNL ogHoro us
moaynen. B atom pexume 6ut TOGn gomkeH GbITb ycTaHOBNEH AONOMnHUTENbHO K Gutam ECOMN n MATN, kak
MoKasaHO Ha pUCYHKE B npeaplayliemM pasgene. YcTtaHaBnmBasa unu cobpacbiBasi 3TOT OMT B CBOEW NporpamMme, Bbl
MoXeTe dopMmpoBaTb Ha BHewHeM BbiBoge CEXn mnu poHT, unu cnag. Kpome Toro, npyu coBnageHUn MoxeT
reHepuypoBaTbCsl 3anpoc Ha npepbiBaHne, ecnn 6ut ECCFn ycTaHoBneH. Pexnm CKOpPOCTHOro BbiBOOA SABMNSETCSA
Gonee TOYHLIM MO CPaBHEHWIO C MEPEKTHOYEHNEM KOHTaKTOB MapasnfenibHOro nopta MnporpaMMHbIM MyTEM,
MOCKONbKY (POPMUPOBaHME CUrHamna Ha BHELUHEM BbLIBOAE MNPOMCXOAMT L0 obpalleHuns K nognporpamme
06paboTkM npepbiBaHUS. OTO 3HAYUT, YTO 3a[epKa, CBSI3aHHas C BbIMOMHEHWEM MOANpPorpaMmbl 00paboTKu
npepbiBaHus, He OyaeT BMMATb Ha popMupoBaHMe curHana. Ecnv nognporpamma o6paboTky npepbiBaHUs He
namennt cogepxmmoro peructpoe CCAPnH, CCAPNL, To cneaytowmn curHan "cosnageHue" byget coopmmpoBaH
nocrie Toro, kak 3Ha4yeHne PCA Tanmepa-cyeTymka CHOBa COBMNadeT CO CTapbiM CPaBHUBAEMbIM 3HAYEHMEM.

5.4.4.Pexxnm cTopoxxeBoro tanmepa (watchdog timer).

CropoxeBon TaMmep - 3TO CXema, KOTopasi aBTOMaTu4yecku cOpacbiBaeT MUKPOKOHTPOSEP, €CN He
nonyyaeT OT ynpaBisieMO CUCTEMbI CUrHarna, KoTopbld MOATBEPXAAET, YTO HE MPOU3OLLSIO HMKakoro cbos. Takoe
YCTPOWCTBO WUCMONb3yeTCcsA B cUCTEMAX, (rOe €CTb SMeKTpUYECcKMe NMoMexu unm cbou no NUTaHUKO WU, TOe HYKHO
obecneuntb GONbLUYID HadexXHOCTb. B pexume cTopoxeBOoro tavMmepa MOXeT paboTaTtb TONbKO YeTBEpTbIN
moaynb. CurHan cbpoca cpabaTbiBaeT BCSKWA pa3s, Korga MpoUCXoauT coBrnageHue 3Hadvenuss PCA Tanmepa-
cyeTumka co 3HadeHuem peructpoB CCAP4H, CCAP4L (cm. pucyHok). but WDTE B pernctpe CMOD
yCTaHaBnuBaeT 3TOT pexum. [pu 3TOM 4eTBEepTbii MOAYMb AOMMKEH HaxoOUTbCA WM B peXvMme nporpaMmmu-
pyemoro Tammepa, UM CKOPOCTHOro BbiBoAda. CTtopoxeBon Tammep cbpacbiBaeT O3BM Takke, kak npu nogadve
BbICOKOIO YPOBHS Ha AEBATYHO "HOXKY" MMKpocxeMbl. [peaoTepaTtuTb COPOC MOXHO Tpems cnocobamu:

1. nepuoguyeckn nameHaTb 3HadeHue B pernctpax CCAP4H, CCAP4L, Tak 4To Bbl OHO HMKOrAa He coBnano ¢
PCA TaiimepoM-CUYeTYMKOM;

2. nepuoguyeckn nameHsitb pernctpol CH, CL PCA Talimepa-cyeTymnka, YToObl OHM HUKOTrAa He coBManu co
3HadeHueM B permctpax CCAP4H, GCAPA4L;

3. BbIKMIOYUTL PEXUM OXpaHHOro Tavmepa nytem cbpoca 6Guta WDTE nepen Ttem, kak npousonger
coBnageHue 1 3aTeM CHOBA BKMIOYUTb €ro.

MepBble gBa crnocoba sBnfAwTCA Gonee HageXHbIMKU, MOCKOMbKY TpeTunm cnocob TpyaHO peanu3oBathb.
BTopoii cnocob He pekomeHpyeTcs npumeHsTb, ecrnim Tanmep PCA wucnonbsyeTcs ppyrum mogynem. Ecrnim
CTOPOXEBOW TaMep He HYXXeH, TO YeTBEPThIN MoAYIb MoXeT paboTaTb B N06OM Apyrom pexume.
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Puc.14. Cmopoxeegol maumep.
5.4.5.Pexnm reHepauum MmMnynbCcoB 3a4aHHOWN CKBaXXHOCTMU.

JTiobor u3 natm moaynen MoxXeT OblTb UCNONb30OBAH Kak reHepaTop WMMMYrNbCOB 3a4aHHOW CKBaXKHOCTW.
YacToTa reHepupyeMbiX UMMYrNbCOB HEMNOCPeACTBEHHO 3aBWCUT OT YacTOTbl CUrHanoB Ha cyeTHom Bxoae PCA
TanmMepa-cyeTymka. [pu BHewHeM pes3oHaTope 16MIL, MakcumanbHasi BO3MOXHaA 4acToTa reHepupyembix
umnynscoB 6yaet 15.6KMy. B atom pexume npoucxoant cpasHeHue peructpa CL (mnagwwun 6ant PCA Tanmepa-
cuetumka) ¢ permctpom CCAPNL (CM. pUCYHOK).

Korga CL < CCAPNL Ha BHellHeM KOHTakTe OyaeT curHam Hu3koro ypoBHsi, npu CL>=CCAPNL Ha Bbixoae
OyaeT curHan BblCOKoro ypoBHsi. 3HadeHmne B CCAPNL 3agaeT cKBaXXHOCTb MMMNYNbCOB. [Ans Toro. 4tobbl BO BpeMS
nameHeHnsi 3HadeHnss CCAPNL Ha BbIXxOAe He BO3HMKITO MOMEX, HY>KHO HOBOE 3HA4YeHWe 3anucbiBaTb B PErUCTP
CCAPNH. 3atem ato 3HadeHue annapatHo 3arpy3utcss B CCAPNL npu nepexoge CL m3 3HauyeHnss OFFH B O0H,
yTO OygeT cooTBETCTBOBaTb Havany cnegywowero nepmoga. Namensasa 3HavyeHne B CCAPNH ot 0 go 255 MOXHO
3agaBaTtb ckBaxXHOCTb OT 100% 10 0.4%.

nepaxaa Gl
or FF & 00

=0,1,2.3 4
COAPMN PEMACTP PEXGMOS ErpoMasania
Puc.15. Pexxum 2eHepayuu umrynbco8 3adaHHOU CK8axHOCMU.

5.5.AHanoro-uncdpoBoun npeodbpasoBaTenib MUKPOKOHTponnepoB cemencrtesa MCS-51.

AHanoro-uundpoBon npeobpasoBaTenb MUKPOKOHTporniepa cemernctea MCS-51/52 (Hanpumep, Tvna SAB
80515 dwmpmbl Siemens wnn 80C51GB) obecneuvBaer 8 OuTHOe npeobpa3oBaHME M WUMEET BOCEMb
MYNbTUMAEKCHBIX KaHaroB aHasrioroBoro BXOAHOro curHana "Ha uwune". Kpome TOro, aHamnoro-uudpoBoWn
npeobpasoBaTenb MMEET CXeMy BbIDOPKU-XPaAHEHUS U BO3MOXHOCTb MPOrpamMmMUpOBaHMS OMOPHbIX HanpsbKeHWN,
4YTO MNO3BOMSIET YyBENUUMBaTb TOYHOCTb MNpeobpasoBaHus, cyxas npegenbl uamepenus. [MpeobpasoBaHue
OCYLLIECTBNSAETCA MeTOOOM MocrenoBaTenbHOro MpUONMXKEHUss C UCMNOMb30BaHMEM KOHOEHCATOPHOW Lenw.
OnuTtensHoCTb Lnkna npeobpasoBaHus oT 15 40 29 MaLUMHHBIX LIMKMOB.

B aHanoro-undgpoBom npeobpasoBaTterne MMEKTCA TpW AOCTYMNHbLIX AN MNofb3oBaTenen crneuunanbHbiX
PyHKUMOHANbHbIX perncTpa:

39



o ADCONS- pernctp ynpasneHusi aHanoro-LudgpoBoro npeobpasosaTens,
e ADDAT- peructp AaHHbIX aHanoro-undgpoBoro npeobpasoBaTens, 1
o DAPR- peructp nporpammMmpoBaHus ONOPHbIX HaNPs>KEHWIA.

5.5.1.ADCON - Peructp ynpaBneHusi npeo6pasoBarenem.

(appec - 0D8H, Bo3moHa nobuToBas agpecauus)

BD [CLK]| - [BSY|ADM|MX2[MX1[MX0| But
0DFH|0DEH|0DOH|0DCH|0DBH|0DAH|0D9H|0D8H|AAped]

Pernctp ADCON wucnonb3yeTcs, YToObI

e BbIOpaTb OAMH N3 BOCbMU KaHaNoOB aHanoroBOro BXOAHOMO curHana, kotopble 6yayT npeobpasoBaHsl,
e onpenenaTb OQHOKPaTHOE MINK LiMKInYeckoe npeobpasoBaHue,
e MpoBepsATb OUT cocTosiHUA BSY, KOTOpLIN coobLaeT, NPONCXOAMT N NpeobpasoBaHne Unn HeT.

Cumon|Mosuunsa DyHKLUA
MX0 |ADCON.0 Bbi6op kaHana aHanoroBoro BXO4HOro curHarna, cM. Tabnuuy.
MX1 JADCON.1
MX2MX1[MXO0 Bbi6paHHbIn KaHan BbiBog UMC

0 | 0 | O [AnanoroBbin BxogHou curHan O ANO

0 | 0 | 1 [AnanoroBbi BXxogHoOW curHan 1 AN1

0] 1 0 |AHanoroBbIi BXOOAHOW curHan 2 AN2
MX2 |ADCON.2|| 0 | 1 | 1 JAHanoroBbli BXOOHOW curHan 3 AN3

1 0 | O |AHanoroBbii BXxogHOW curHan 4 AN4

1 0 | 1 |AHanoroBbih BXOgHOW curHan 5 AN5

1 1 0 |AHanoroBbIi BXOOAHOW curHan 6 ANG

1 1 1 |AHanoroBbIii BXogHOW curHan 7 AN7

Pexxum aHanoro-uudposoro npeobpasosaHud. Ecnn ADM = 1 - HenpepbiBHOE
ADM |ADCON.3 npeobpasosaHue. Ecnu ADM = 0, npeobpasoBaTens ocTaHaBNMBaeTCs Nnocre ogHoro
npeobpasoBaHusi.
BSY |ADCON 4 dnar 3aHATOCTU. OTOT doriar ykasblBaeT, I'IpOVIEXO('J),D.VIT npeobpasoanue (BSY = 1) unu HeT (BSY
- IADCON.5 3apesepBupoBaH (formkeH 6biTb 0).
(Mcnonb3yeTtca He anst ynpaenenusa ALM) BkntoueHne cnHxpoHu3auum cuctemsl. Ecniv paBHo
CLK |ADCON.6| 1, cuHxpocurHan c t /12 yactoton reHepaTopa nogaetcs Ha BbiBog P1. 6/CLKOUT. CLK =0
BOIOKMPYET CUHXPOHU3UPYIOLLNIA BbIBOA.
(Mcnonb3yeTcs He gns ynpaeneHus ALM) BkrtoueHre pexxuma nepeaaymn co CKOpOCThHO B
BD |ADCON.7| 6ogax. Ecnu paBHo 1, TO ocylwlecTBnsieTcs npuemM B pexume 1 n 3 nocrnegoBaTenbHOro nopra
13 BHYTPEHHEro reHepaTopa cKkopocTer B 6ogax.

5.5.2.ADDAT - peructp pesynbTataB npeo6pa3oBaHus.

CneumaneHbin - pyHKUMOHanNbHLIM pernctp ADDAT, dwukcupyeT pesynbTat npeobpasoBaHus (8 OwuT).
HanHble coxpaHsioTcs B ADDAT, noka pesynbTaT He 3amellaeTcsl AaHHbIMU crnefytollero npeobpasoBaHus.
Hosoe 3HaudeHue nosiBnsetca B ADDAT Ha 15-oM MalLUMHHOM UMKIe nocne Toro, kak npeobpasoBaHue 6bino
HayaTo. ADDAT MOXeT untaTbCs M 3anucbiBaTbCs NporpaMmHbiM obpasom. Ecnn AL He ncnonb3yeTcs, peructp
ADDAT moxeT Ncnonb30BaTbCs U Kak AOMONHUTENbHbIN YHUBEPCAlbHbIN PEFUCTP.

5.5.3.DAPR - peructp nporpaMmmMMpoBaH1NA ONOPHbIX HanpsbkeHun ALM.

Pernctp DAPR no3Bonset MeHATb BHYTPeHHWe ornopHble HanpsbkeHusi IVAREF mn IVAGND. Onu moryt
nporpaMMmnpoBaThCs C waroM B 1/16 oTHOCUTENbHO BHELLHUX onopHbIX HanpsbkeHun (VAREF-VAGND). Butel ¢ 0
no 3 peructpa DAPR onpegensatot IVAGND, 6utebl ¢ 4 no 7 onpegenstot IVAREF. insa HopmanbHow pabotel ALIM
TpebyeTca Kak MWHUMMYM pas3HOCTb B 1 BOMbT MEXAY BHYTPEHHWMW OMOPHbIMU HanpskeHusmu. [loaTtomy,
BHYTpeHHee ornopHoe HanpsbkeHne IVAREF gormkHbl BCerga nporpamMmupoBaTbhCd Ha YeTbipe Liara Bbille, Yyem
IVAGND (oTHOCHTENbHO BHelHero obpasuosoro HanpsxeHuss VAREF, kotopoe pasHo 5B + 5%).

3HauveHuns IVAGND n IVAREF onpegenstoTca no opmyne:

IVAGND = VAGND + DAPR (0 - 3) /16 (VAREF - VAGND)
npuyem DAPR (0 - 3) <0 n DAPR (0 - 3) < 13;

IVAREF = VAGND + DAPR (4 - 7) /16 (VAREF - VAGND)
npnyem DAPR (4 - 7) > 3;
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rae DAPR (0 - 3) - cogepxaHue mnagLwero nonybanta, n DAPR (4 - 7) - cogepxaHue ctapwero nonybanra
DAPR, npuHrmaemMoro kak gecsatudHoe uernoe 4micno 6e3 3Haka.

Ecnn DAPR (0 - 3) unn DAPR (4 - 7) = 0, BHYTPEHHUE OMOPHbIE HAaNPSHXKEHUs] COOTBETCTBYIOT BHELLUHUM
OnopHbIM HanpsikeHuam cootBeTcTBeHHO VAGND u VAREF .

Ecnn VAINPUT > IVAREF, 10 pesynbtaTt npeobpasoBaHus 6ygeT paBeH OFFH, ecrnim VAINPUT < IVAGNO,
TO pe3ynbTaT npeodpasoBaHus - 00H (VAINPUT - HanpshkeHne aHanoroBoro BXOAHOIo curHana).

PucyHoOK nokasbiBaeT, HasHavyeHne pas3psagos pernctpa cneunansHom pyHkumm DAPR.

Peaucmp npozpammuposarHus AL DAPR (ODAH)
7 | 6 | 5 | 4 3 | 2 | 1 ] o [pur

Lindpposoe 3Hauenne ana IVAREF|Undposoe 3HadeHne gns IVAGND

Ecnun ucnonb3ytotcst BHewHne onopHble HanpskeHnss VAGND = 0 V n VAREF = + 5V (otHocutensHo GND
n VCC), To npu nomowym pernctpa DAPR moryT ObiTb YCTAHOBIEHbI Creayolme 3Ha4YeHNs1 BHYTPEHHUX OMOPHbIX
HanpsbkeHun IVAGND un IVAREF, kak nokasaHo B Tabnuue.

Crynent/DAPR (0-3)[DAPR (4-7)IVAGND (V)IVAREF (V)

0 0000 0000 0.0 5.0

1 0001 0001 0.3125 -

2 0010 0010 0.625 -

3 0011 0011 0.9375 -

4 0100 0100 1.25 1.25
5 0101 0101 15625 | 1.5625
6 0110 0110 1.875 1.875
7 0111 0111 2.1875 | 2.1875
8 1000 1000 25 25

9 1001 1001 2.8125 | 2.8125
10 1010 1010 3.125 3.125
11 1011 1011 34375 | 3.4375
12 1100 1100 3.75 3.75
13 1101 1101 - 4.0625
14 1110 1110 - 4.375
15 1111 1111 - 4.6875

Tabnuuya.12.[IlpozpammuposaHue 8HyMpPEHHUX OMOPHbLIX HanpskeHUU

KomOuHauum otmedeHHble '-' He gonyckatotcsa nockonbky IVAREF gomkeH ObiTb, NO KpaiHeN Mepe, YeTbipe
CTyrneHu Bbiwe, Yem IVAGND.

5.5.4.CnHxpoHusauma AL n Bpemsa npeobpasoBaHums.

lNpeobpasoBaHne HaunmHaeTcst nocrne 3anuck crtaptoBoro 6uta B peructp DAPR. OTta onepaums HauvHeT
HoBOe npeobpasoBaHue, Jaxe ecnu Tekyllee npeobpasoBaHne He 3aBeplueHo. [peobpa3oBaHue HauMHaeTCcst Co
cnefyoLLero MalvHHoro umkna. dnar 3aHaTocTn 6yaeT ycTaHaBNUMBaTbLCA B TOM XXe CaMOM MAaLLUMHHOM LUKMe.
Ecnun 3HadveHune, 3anucaHHoe B DAPR - O0H, 3To 03Ha4aeT, YTO HUKaKas KOPPEKTUPOBKa BHYTPEHHUX OMOPHbIX
HanMpsXXeHUN He XenaTtenbHa, M npeobpasoBaHne OygeT nMpoucxoauTb B TedeHue 15 MalUWHHBIX UUKIOB, OO
MOSIHOrO OKOHYaHuA. Takum o6pas3om, Bpems npeobpasoBaHust - 15 Mkc npu 12 MIL 4yacTtoTe TaKTOBOro
reHepatopa. [ns KkakOoow KOPPEKTUPOBKM BHYTPEHHWX OMOPHbIX HanpsxeHun npeobpa3oBaHne Tpebyetcs
OOMONHNUTENBHO Bpemsa 7 MKC. Takmm obpas3om, ecnvm [OSMKHO NporpamMmmMupoBaTbCA TOMBKO OAHO OMOPHOE
HanpshkeHue, obuwee Bpemsi npeobpas3oBaHuA OydeT 3aHumMaTbh 22 MaWWHHBbIX UWKIIa, €CnU Xe [OJPKHbI
nporpaMmmmnpoBaTbCcsi 06a OMopHbIX HanNpPsXXeHus, To BpeMs npeobpasoBaHusa ByaeT npoaonmkartbes 29 MalUMHHbIX
LIMKOB.

Mocne Toro, kak npeobpasoBaHne GbINO 3anyLleHo 3anucblo B cooTBeTcTBYOWMN 6uT DAPR, aHanorosoe
HanpsbkeHne B BblOpaHHOM BXOAHOM KaHane BblbupaeTcsi B TeveHue 5 MalmHHbIX UmknoB (5 mkc npu 12 My
yacToTe reHepartopa). JTO HanpsbkeHne OyaeT ocTaBaTbCs HEU3MEHHbIM Ha MPOTSXKEHUW OCTarnbHOM 4YacTu
BpeMeHM npeobpasoBaHnsi. BHELWHWI aHanoroBbii UCTOYHWK [OIDKEH ODecnevnMTb TOK OOCTaTOYHbIA, 4YTOObI
3apaauTb EMKOCTb BblIOOpPKM-XpaHEHUs!, paBHYHO 25pF, 3a 5 MalLMHHBIX LIMKIOB.

MpeobpasoBaHMe BbIGUPAEMOro aHaroroBoro HanpskKeHUst MPOUCXoanUT mMexay 6-biM 1 15-biIM MalMHHBLIM
LUMKITOM nocrne Toro, kak Obiia 3aBepweHa onepauumsi BblOOpkuM curHana. B 15-om mawwmHHOM uwukne
npeobpas3oBaHHbIN pe3ynbTaT nepemeltaetcs B ADDAT, dnar 3aHstoctn (BSY) ounwaetcs, reHepupyetcsi
3anpoc Ha npepbiBaHve ot AL n ycraHaenuBaetcs donar IADC (6ut 0 B peructpe ynpaBreHun npepbiBaHus
IRCON). Ecnun yctaHOBReHO HenpepbiBHOE MpeobpasoBaHue, TO crneayollee npeobpasoBaHue, aBTOMaTUYECKU
HayHeTCs B cneayloLleM MallMHHOM LUKne.
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5.6.Tanmep cuyetumk T/C2 mukpokoHTponnepa 8052.

T/C2 — 310 16-6UTHBIN TanMMep/CHETUYUK, CMOCOBHLIN paboTaTb U Kak TakMep, M Kak CYETYMK COObITUM.
Bbi6op npounssogntca 6utom CD2 B SFR T2CON . T/C2 moxeT paboTaTb B pexxmMMax 3aLlerku, aBTonepesarpyskm
(Mpy 3TOM HanpaBneHWe cyeTa MOXET ObiTb Kak BBEpX, TaKk U BHU3, T. €. HA YBENIMYEHWE UIN YMEHbLUEHNE
copepxumoro TL2, TH2) u reHepaTopa ckopocTu nepegayun B 6oaax. Pexumbl Beibupatotcs 6utamm 8 T2CON .

T/C2 coctout n3 aByx 8-6uTHbIX peructpos: TH2 n TL2. B pexume Tanmepa ero 16-paspsgHbin perncTp
TL2, TH2 nHkpemeHTMpyeTCa B KaXaoM MaLUMHHOM Lnkne. MNMOoCKomnbKy LuKn coctouT n3 12 nepnoaos konedaHun,
CKOpPOCTb cyeTa paBHa 1/12 TakToBOM 4YacToThbl (T. €, YacTOTbl KBapLEeBOro pesoHatopa fue,. 10 cyT gena, B aTom
pexume TanMep NOACYUTbIBAET BbINOMHEHHbIE MALLWHHbIE LIMKIIbI.

5.6.1.Peructp ynpaBneHue tanmepal/cyetunka 2 T2COM.

CumBon|Mo3uunsa Mmna n HasHa4yeHue

dnar nepenonHeHus TanmMepa/cyetyunka 2. CbpacbiBaeTcs nporpaMmMHbIM nytem. dnar He
TF2 ([T2COM.7
yctaHaBnuaetcsi, ecnv nnbo RCLK, nnbo TCLK (cm. Hke) ycTaHOBMEHDI B 1

BHelwHMIM cpnar Tanmepa/cyeTunka 2. YcTaHaBnmMBaeTCs Npu 3allenkmBaHum nigopmaummn B
TanMepHbIX perncTpax Unm npu nepesarpyske, NPOMCXoasiLMX Nog BO34eNCTBMEM nepenaga n3
EXF2 |T2CON.6 1 8 0 Ha BbIBoAe P1.1 n npu EXEN2 1. CHpackiBaeTcs TONbKo nporpaMmmMHbIM nyTem. [Mpu
paspeLleHHOM npepbiBaHUK OT TanmMepa/cyeTynka 2 Bbi3biBaeT noanporpammy o6paboTkm

npepbiBaHua (ecnun 6ut T2MOD.0 = 0)

Bbi6op Tanmepa/cueTunka 2 onsa 3agaHus ckopocTn paboTbl npueMHuka B pexxumax 1 v 3. IMpu

RCLK [T2CON.5 RCLK = 1 ucnonssyetcs Tanmep/cyetudmk 2, npu RCLK = 0 - Taimep/cyeTymk 1

Bbi6op Tanmepa/cyeTumnka 2 Ans 3agaHus CKopocTn paboThl nepefaTymka B pexxumax 1 n 2.

TCLK [T2CON.4 Mpn TCLK = 1 ucnonb3yetca Tanmep/cyetyuk 2, npy TCLK = 0 - Tanmep/cHeTyumk 1

PaspelueHne pabotsbl oT BHeluHero curHana. Npu EXEN2 = 1 nepenag 13 1 B 0 Ha BbiBoae P1.1
EXENZ2 |T2CON.3| Bbi3bIBaeT 3aLlenknBaHne nHgopmauum nnm nepesarpysky tammepa/cyetyuka 2. MNpn EXEN2 =
0 Tanmep/cYeTYMK 2 UTHOPUPYET CUrHarnbl Ha BeiBoge P1.1

TR2 |T2CON.2 3anyck/ocTtaHoBka Tavimepa. TR2 = 1 3anyckaeT Tanmep/cHeTymK 2

Bbut BbiIGopa pexxmma paboTbl Tamepa/ cyetyuka 2. Mpu yctaHoBke 6uTa B 1 OyHKUMOHUPYET
C/T2 [T2CONA1 J
Kak cyeTymk nepenagoB 13 1 B 0 Ha BbiBoge P1.0. NMpu yctaHoBke 6uTta B 0 paboTaeT Tanmep

Bbi6op pexuma 3allenku/nepesarpysku. Ecnv 6ut yctaHosneH B 1, To npn EXEH2 = 1 nepenap
n3 1 B OHa P1.1 Bbi3oBeT 3alyenkuBaHue cogepxxumoro TL2. TH2 a BCAP2L, RCAP2H. Mpwn
HyreBoM Gute Tanmep/cyeTymnk 2 paboTaeT B pexnme aBTonepesarpysku npy nepenosiHeHun

cyeTymKa nnm npu obHapyxexHum nepenaga us 1 B OHa P1.1 (nocnegHee npyu EXEN2 = 1)

CP/RL2|T2CON.O

Mocne cbpoca Bce 6uThl pernctpa T20N yctaHaenmBatoTcs B 0.

5.6.2.Pexxnmbl paboTbl TaMmMepa/cyeTumka 2.

RCLK n TCLK |CP/RL2[TR2 Pexum
0uno " 1 16-6UTHbIN Tanmep/CHETYNK C nNepesarpy3skomn
0uno 1 1 [16-6UTHBIN TaiMep/cyeTunK C 3allenkusaHuem uHgpopmaumm
Oun1,1m0.1n1|b6oe| 1 ["eHepaTOp NpnemonepeaTynka
JTro6oe Jlro6oe| 0 BbikntoyeH

B pexunme cyeTtumka permctp MHKpeMeEHTUpyeTcs B oTBeT Ha nepenag n3 1 B 0 Ha Bxoge P1.0. CocTtosiHne
3TOr0 BXOAa aHanuaupyeTcs B MOMeHT S5P2 kaxgoro maluvHHOro umkna. Ecnm aHanms nokasbiBaeT Hanmuune
€[0VMHUYHOro YPOBHS B OOHOM LIMKME U HYNeBOro B creayloleM, CoOaepXNMOoe cyeTumka UHKpeMeHTupyetca. Ero
HOBOE 3HadeHue nosBnsieTcs B pernctpe B MoMeHT S3P1 umkna, cneayoLlero 3a TemM. B KOTOPOM 6bin obHapyxeH
nepenan. Tak kak obHapyXeHue 9TOro nepenaga 3aHMMaeT [Ba MalUMHHbIX Uukna (24 nepuopa konebaHui),
MakcumarbHas CKOpoCTb cuyeta paBHa 1/24 wactotbl f pe;. YTOOBI MMKPO-OBM ycnena waeHTuduMuMposaTb
3aflaHHbI YpoBeHb, OH AormkeH T/C2 — 310 16-OUTHBIM Tanmep WMMNKM CYETUMK, MPU MNEepenosiHEHNU KOTOPOro
yctaHaBnueaetcs 6ut TF2 B8 T2CON. 37101 6UT 3aTeM MOXeT MCNOoNb30BaTbCs NS BbI30Ba npepbiBaHus. Ecnu xe
EXEN2 = 1, To T/C2 npogorkaeTt genatb TO e camoe, OfHaKo B 3ToM criydae nepenag n3 180 Ha BbiBoge P1.1
BbI3bIBAET 3allerikmBaHue Tekywmx 3HadeHun TH2 n TL2 B RCAP2H n RCAP2L cooTtBeTcTBEHHO. Kpome Toro,
3TOT nepenag Bbi3biBaeT ycTaHoBKy B 1 outa EXF2 B T2CON. Kak n TF2, 3TOT 6MT MOXeT Bbi3BaTb NpepbiBaHue.
Pexum 3awenku unnoctpupyeTt puc. 1, cogepxmmoe cvetynka pactet Beepx go OFFFFH v satem yctaHasnueaeTt
B 1 6ut nepenonHeHus TF2. lNepenonHeHne BbI3bIBAaET Takke nepesarpy3ky pernctpoB T/C2 16-6UTHbIM
3HavyeHveMm B RCAP2H n RCAP2L, koTopoe npeasapuTenbHO OOMKHO ObiTh YCTaHOBNEHO nporpamMmmHo. Ecnn xe
EXEN2 = 1 16-6uTHaq; nepesarpy3ka MOXeT MPOM3ONTU Kak OT NnepenornHeHud, Tak n ot nepenaga u3 1 8 0 Ha
BbiBoge P1.1. 31oT nepenap Takke yctaHaenueaeT B 1 6ut EXP2. 06a 6uta - TP2 u EXP2 — moryT BbI3BaTb
npepbiBaHWE, eCrv OHO paspeLUeHo.

YcrtaHoska B 1 6uta DCEN nepesogut T/C2 B pexxum cueTa BBEPX UMM BHU3, Kak NOKa3aHO Ha puc.
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Puc.16.Paboma Talivepa/cdem4yuka 2 8 pexxume : 3axgama (a),
asmornepe3sazpysku (6), 3adarowe2o eeHepamopa (8) .

Pexxum aBTonepesarpy3ku.Ha puc. 1, 6 nokasaHa cTpyktypHas cxema T/C2, cuutarowiero B CTOPOHY
yBenu4ieHus npyu DCEN = 0. B aTom pexxume BO3MOXHbI Ba NOAPEXMMa, BblonpaeMbix permctpom T2MOD

5.6.3.PerucTp pexuma Tanmepal/cyetumka 2 T2MOD.

CumBon|o3unuuns MUma n HasHavyeHue

T2MOD.7 He ncnonbayetca
T2MOD.6 He ncnonbayetca
T2MOD.5 He ncnonbayetca
T2MOD .4 He ncnonbayetca
T2MOD.3 He ncnonbayetca
T2MOD.2 He ncnonbayetca

T20E T2MOD.1 Mpu yctaHoBke 6uTa Ha BbiBoAe P1.1 hopmupyeTca nocnenoBaTenbHOCTb NPAMOYrOfbHbIX

WUMMNYNbCOB CO CKBaXKHOCTLIO 2
DCEN [T2MOD.0 Mpu ycTaHoBKe GBuTa TaiMep/CHeTUMK 2 KOHPUrypupyeTcs Ha CYET Kak BBepX, Tak U BHU3, B
3aBMCUMOCTM OT YPOBHA cUrHana Ha sbiBoge P1.1

Butel pernctpa T2MOD He agpecytoTca HENOCPEACTBEHHO KOMaHAamMu paboTbl ¢ 6utamu. Nocne cbpoca
T2MOD.0 n T2HOD.1 yctaHaenusatotcs B 0, 3Ha4eHne octanbHbIX BUT He onpeaerneHo.
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5.6.4.lononHUTEeNbHbIN PErMcTp NPUOPUTETOB NpepbiBaHnn IPH.

Cumson|lo3nums Mms n HasHa4yeHne
IPH.7 3apesepBnpoBaH
IPH.6 3apesepBnpoBaH

PT2H | IPH.5 Crapwwun 6yt npuoputeTa Tamepal/cyeTymka 2
PSH | 1PH.4 Crapwwuin 6uT npuoputeTa npuemornepegaTymka
PT1H | 1PH.3 Crapwwun 6ut npuoputeTa Tanmepa/cyeTtymka 1
PX1H | 1PH.2 |CtapLumn 6uT npMoputeTa BHELLHETO NpepbiBaHnsa 1
PTOH | 1PH.1 Crapwwun 6ut npuoputeTa Tanmepal/cyeTymka 0
PXOH | 1PH.O |Ctapwwun 6ut npuopmuteTa BHELIHEro npepbiBanns 0

Mocne cbpoca mnagLune WwecTs 6UT ycTaHaenmBatoTcsi B 0, COCTOSIHME CTapLUKNX - HE ONPEAENEeHo.
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6.CemenctBo MCS-251

WN3HavanbHO Hanbonee “y3kumun” mectamm apxutektypol MCS-51 6binv BocbMupaspsagHoe AJTY Ha 6ase
aKKyMynsatopa v OTHOCUTENbHO MeANeHHOE BbINONHEHNE MHCTPYKUMIA (4Ns caMbiX "ObICTpbIX" N3 HUX TpebyeTcsa 12
NeprvoaoB TAaKTOBOM YacToThl). ATO orpaHmydmeano npumeHeHne MK cemenctea B ycTponcTeax, TpebyroLLmx
MOBbLILLEHHOrO BLICTPOAENCTBUA U CIIOXKHbLIX BblYMCNEHUI (16- n 32-6UTHbIX). HacyLwHbIM cTan Bonpoc
NPUHUMNUanNbLHOM MOAEPHU3ALMM CTapon apxXuTEKTypbl. [pobremMa ocnoxHanack TeMm, YTo K Hadany 90-x rogos
yXke Obina co3gaHa Macca HapaboTok B 06riacTy NporpaMMHOro U annapaTtHoro obecneveHust, 1 OgHOM u3
OCHOBHbIX 3aga4 pa3paboTky HOBOM apXUTEKTYpbl CTana peanusauus annapaTtHon U NporpaMMHON COBMECTUMOCTH
CO cTapbiMu pa3paboTkamu Ha 6aze MCS-51. [1na pelueHnsa 3Ton 3agadm Obina co3gaHa CoBMECTHas rpynna un3
cneuunanuctoB komnaHui Intel n Philips, HO no3gHee nyTy aTux AByx dmpm pasownmck. B pesynetate B 1995 1.
NOSIBUIIOCb Ba CYLLECTBEHHO pasnuyatowmxcs cemencrtea: MCS-251/151 y Intel u 51XA y Philips .

OcHoBHble xapakTepucTukm apxmutektypbl MSC-251:

24-paspsgHoe NMHENHOe agpecHoe NPOCTPaHCTBO, obecneunsarolee agpecaumo Ao 16 Méant namaTu;

perncTpoBas apxutekTypa, Aonyckarllas obpalleHure K peructpam Kak K 6antam, crnosam 1 ABONHbIM
cnosaw;

CTpaHUYHbIN peXunm agpecauun Ans yCKopeHUs BbIBOPKM MHCTPYKLUA U3 BHELLHEWN NPOrpaMMHON NaMsTy;

oyepealb UHCTPYKLINI;

pacLUMpPEHHbIN Habop KomaHz, BKIHoYaoLwmn 16-6uTtHble apndmMeTIecKkne 1 NIormyeckue NHCTPYKLUK;

paclmpeHHoe o 64 Kbant agpecHoe NpoCTpaHCTBO CTEKa;

BbIMOJSTHEHNE Camoi "ObICTPON™ MHCTPYKUUK 3a ABaA TaKTa;

COBMECTMMOCTb Ha YPOBHE ABOMYHOIO Kofda ¢ nporpammamu ana MCS-51.

Cuctema komaHg MCS-251 noctpoeHa Ha 6a3e AByx HabOPOB MHCTPYKLUUIA: NEPBbI ABNSAETCS KOMUEN
cuctembl komaHg MCS-51, a BTOpon COCTOUT M3 pacLUMPEHHbIX UHCTPYKLNIA, peanusytoLLmx npenmyLlectsa
apxutektypbl MSC-251. MNepen ncnonssosaHmem MK ero Heobxoanmo ckoHUrypmpoBaTb, T. €. C MOMOLLbIO
nporpammaropa "npoxeyb" KOHUrypaLmMoHHble BanTbl, onpeaensoLLme, Kakon n3 HabopoB MHCTPYKLNIA CTaHET
aKTUMBHbIM MOCNe BKHOYeHUs nuTaHuda.Ecnu yctaHoBuTL Habop uHCTpykumin MCS-51, To MSC-251 bynet
coBmecTuM ¢ MCS-51 Ha ypoBHe aBoun4Horo koga (pexum Binary Mode). PaclumpeHHble MHCTPYKUMM B 3TOM
pexume Takke OOCTYMNHbI, HO Yepes "dopTouky" - 3ape3epBupoBaHHbIv Ko MHCTpyKLmMn 0ASH. EcTecTBeHHO,
OJIMHA KXXOOW pacLUMPEHHON MHCTPYKLUMKW YBENMUYMBAETCSA B TakOM criyyae Ha 1 6anT.

Ecnu e n3HayanbHO yCTaHOBUTbL HABOP pacLUMPEHHbIX UHCTPYKLUMIA, TO NporpaMmbl, HanucaHHeble ans MCS-
51, noTpebyoT NnepekomMnuNALMM Ha Kpocc-cpeacteax ans MCS-51, Tak kak Tenepb y)Xe CTaHAapTHbIE MHCTPYKLUK
OyayT OOCTyrnHbI Yepes Ty xe "dopTouky” 0ASH 1 gnvHa nx Takke yBenuumtcsa Ha 1 6anT. Takon pexnm
Ha3biBaeTcsa Source Mode. OH NoO3BOMSIET C MaKCMMarbHOM 3h(heKTUBHOCTBLIO MCMOML30BaTh PaCLUMPEHHbIE
WHCTPYKUMM 1M OOCTUIHYTb HanbonbLuero oObicTpogencTans, Ho TpebyeT nepepaboTku NporpammMHOro obecneyenus.

[nsa nonb3oBaTenen, OpMeHTUPOBaHHbIX Ha NpumeHeHne MCS-251 B kavecTBe MexaHudeckomn 3ameHsl MCS-
51, dpupma Intel Boinyckaet MK MCS-251 ¢ yxe 3anporpaMmmmpoBaHHbIMU BTaMu KOHUrypaumm B COCTOSHUN
Binary Mode. Takne MK nony4ynnu o6osHaveHne MCS-151.

Momumo Intel, MK MCS-251 no ee nuueHaunu BeinyckaeT komnaHusa Temic Semiconductors. MNogpo6bHyto
WHpopMaLMIo O ee NPOAYKLUN MOXKHO NOMNy4nTb Ha web-site drpmbl. OCHOBHbIE TEXHUYECKue xapaktepnctnkm MK
cemenctea MCS-251 npuBegeHbl B Tabnuue

B HacTosiwee Bpems Intel, ycTpemneHHasa Ha pblHOK Pentium-npoLeccopoB, npekpaTuia npon3sBoacTeo
kpuctannos MCS-51. B uenom gns KOHKpETHOro paspaboTymka 3TOT hakT MOXKET OCTaTbCA U HE 3aMEYEHHbIM,
€CInn TONbKO OH He ncnonbadyeT 8XC51GB 1 80C152Jx - 3T KpUcTanibl HE UMEKT CBOUX TOYHbLIX aHASIoroB cpeam
nsgenun apyrmx dovpm. YTo xe kacaetcst Bcex octanbHbix MK cemenctea MCS-51, To OHM MHOroKpaTHO
pacTMpaxnpoBaHbl APYTMMK KOMMAHUSIMU U yXOA Intel ¢ pbiHKa HMKaK Ha HEM He CKaXKeTCsl.

MK ROM/ RAM, | Tanmepsbl/ MNocnepoBa- Kopnyc (tun,

EPROM, | 6aut CYETUYUKM TenbHble yucno

K6anT KaHanbl BbIBOJOB)
8xC251SA 8 1024 | 3+PCA +WDT | UART D40, L44
8xC251SB 16 1024 3+ PCA+WDT | UART D40, L44
8xC251SP 8 512 3+PCA+WDT | UART D40, L44
8xC251SQ 16 512 3+PCA+WDT | UART D40, L44
TSC8xC251G1 16 1024 3+WDT UART, I’C, SPI L40, Q44
TSC8xC251A1 24 1024 2+WDT UART D40, L44, Q44
8Xc151SA 8 256 3+ PCA+WDT | UART D40, L44
8xC151SB 16 256 3 +PCA+WDT | UART D40, L44

Ta6bnuuya.13. MK cemeticmea MCS-251 chupmbi Intel
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http://www.temic-semi.com/

MpumeyaHme. MakcmanbHas TakToBas YactoTa Bcex Moamdukaumi — 16 MI'y, Yicno nuHuii BBoaa/BbiBo4a
— 32.MK TSC8xC251A1 nmeet YeTbipexkaHanbHbIn BocbMupaspsaHbin ALIN. HanpsbkeHue nutaHuns Bcex MK —
4,5...5,5 B, pabouui uHTepsan Temnepatyp — ot —40 ao +85 °C.

MpuHAaTble cokpaweHua: PCA — maccuB nporpammupyembix cdetyumnkos; WDT — cTopoxxeBon Tanmep;
UART yHMBepcarsbHbIN aCUMHXPOHHbLIV NOCiefoBaTeNbHbIN NpuemMonepenaTyumk; °C - OBYXNpoBOaHas

OByHanpasreHHas WwuHa; SPI — nocnepoBaTenbHbIn nepudepuiiHbivi nHTepderic. Kopnye: D — DIP, L — PLCC, Q —
QFP.
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7.04HOKpUCTanbHble MUKPOKOHTponnepbl Intel MCS-96.

7.1.06wWwan xapakrepucTumka.

B cemernictBo MCS-96 cdmpmbl Intel (MHoraa OyaeTt ucnonb3oBatbest U HaseaHMe 80C196) Bxoaut 6onee 30
pa3HOBUOHOCTEN MUKPOKOHTpPONNepoB. 370 16-pa3psgHble, ObicTpogencteytowme WC BbLICOKOW CTeneHu
WHTErpaLmn, OpMeHTMPOBaHHbIE HA peLleHVe 3adad ynpaBneHus npoueccaMu B pearnbHOM maclitabe BpemeHu.
TunndHble oOnacTM nNpUMEHEHVs Ons 9TUX  MMUKPOKOHTPOMMEPOB - yrpaBreHue ABuratensamv, MOOEMbI,
6€e3b030Bble TOPMO3HbIE CUCTEMbI, KOHTPOIEPbI XKECTKMX LUCKOB, MeANLMHCKOEe 06opynoBaHue.

Uctopns MCS-96 HacuutbiBaeT 6onee 12 net. 3a 310 Bpems cneumanuctel ¢upmbl Intel yBenuumnu
agpecHoe npoctpaHcTBo ¢ 64 Kbant go 6 M6anT, nosbicunu TaktoByto YactoTy ¢ 10 go 50 MIu, ynyqwmnu
ObicTpoagencTeme B 16 pas n 4odnmncb NOHMKEHUN LeHbl Ha 6a30BbIN KpUCTann* NnpMMepHo B 4 pasa.

Mo cpaBHEHWO C  BOCbMUPA3PSAHLIMW  OAHOKPUCTANbHbIMM  MUKPOKOHTpOMNepamu,  AaHHoe
MUWKPOKOHTPOINEPHOE CEMENCTBOMNO3BOSSAET CYLLECTBEHHO paclmpuTb 0b6nactb NPUMEHEHUSI BCTpavBaeMbIX
MUWKPOKOHTPOJIIEPOB B NEPBYI0 o4epedb 3a c4eT HGonee BbICOKOW CKOPOCTM M TOYHOCTU BbIMUCIIEHWN, a Takke 3a
CYeT UCMONb30BaHMSAPACMONOXEHHbBIX Ha KpUCTanse HOBbIX NepudepuiiHbIX YCTPOWCTB, obecneunsatowmxdonee
BbICOKYI0 CKOpPOCTb 00pabOoTKM CurHanoB B ynpaensowen cucteme U 0Oonee BbICOKYHD HaOeXHOCTb
PYHKLUNOHNPOBAHMWS CUCTEMBI.

MukpokoHTporinepbl 80C196 chakTnyeckn cTanuM WHAYCTpUanbHbIM CTaHgapToM Aansa  16-paspsiaHbiX
BCTPOEHHbIX CUCTEM yNpaBreHusi, obecneunBas codeTaHne BbICOKUX TEXHUYECKNX NnokasaTenen 1 3KOHOMUYECKON
acbdpekTnBHOCTU. Hanpumep, MMeHHO 6narogapst 3TUM  MWKPOKOHTPOSIEpaM, YCTaHOBMEHHbIM B CUCTEME
ynpaBrieHns 3aXkuraHuem, crelumanncTaM KoHuepHa Ford yganoch cylecTBeHHO CHU3WUTbL noTpebneHve Tonnvea,
YMEHbBLUNTbL BbIOPOCHI BpeAHbLIX BELLECTB U OAHOBPEMEHHO NOBLICUTH CKOPOCTHLIE XapaKTEPUCTUKM CBOMX MaLLVH.

7.1.1.CTpyKTYypa MUKPOKOHTpO-epa.

MukpokoHTpornnepbl cemenctea MCS-96 ABMAKOTCA MUKPOMNPOLIECCOPHBIMU YCTPOMCTBAMM CUHXPOHHOIO
TMna. BeinonHeHne Bcex OEWCTBUA B MUKPOKOHTPOSIEPE MPUBA3aHO BO BPEMEHM K TaKTOBbIM CUrHamnam,
BblpabaTbiBaeMbIM BHYTPEHHMM FeHEPaToOpPOM TaKTOBbIX MMMYNbCOB. YacToTa crnegoBaHUsl TakTOBbIX MMMYIbCOB
cTabunmampyeTcsa C NOMOLLbIO BHELLIHEro KBapLieBOro pe3oHatopa. Beicluee 3HadeHne TakTtoBon YacToThbl (F max) ¥
MUKPOKOHTPOMMNEPOB pasHbIX TUMOB MOXET uMeTb 3HaveHue 10, 12, 16 n 20 Mru,.

OCHOBHbIMU (PYHKUMOHAMNBHBIMU YacTMU MUKPOKOHTPOMNepa SABNSAOTCS NpoLeccop, namatb 1 nepudepus
(Habop nepudcepuitHbix YCTPOUCTB).

B coctaB npoueccopa BxogoaT apudmeTuko-rorndeckoe yctponctso (AJTY, ALU) wun peructpoBoe
onepaTnBHoe 3anomuHatowee yctporncteo (PO3Y, RRAM).

AIlY B otnuune oT MUKPOKOHTpONnepoB aApyrux cemencts AJTY MmukpokoHTponnepa cemernctea MCS-96 He
UMeeT perncTpa-akkymynsTopa. B kayecTBe perncrpa-akkymynatopa MOXeET WCMONb30BaTbCs MOOON peructp
PO3Y.

Ha vactote 16 MIy AJIY BbINOMHAET 2 MIH. ON/C MNPV BbIMNOMHEHUN 3rIEMEHTapHbIX onepauun Hag
3HaKOBbIMW/6E33HAKOBbIMM OaHHbIMU AnvHOM 1 unun 2 GanT. Onsg aTux 4Mcen UMEKTCs Takke M onepauuun
YMHOXeHUs n genenunst (boictpogericteue: 580 Tbic. yMHOXeHU/cek, 330 TbiC. AeneHui/cex).

PO3Y y MMKPOKOHTPOMNEPOB pa3sHbIX TUMOB MOXeT coaepxatb 232, 360, 488 unu 1000 BocbMuUpaspsiaHbIX
pernctpos. Pernctpbl PO3Y ncnone3ylotcsa Ans XxpaHeHWst TONbKO AaHHbIX.

MamATb npegcTaBneHa MOCTOSHHBIM 3anoMuHawmmM yctponrcteoM (M3Y, ROM). Y MUKpPOKOHTpOnepoB
HEKOTOPbIX TUMNOB B COCTaB MaMATW BXOOMUT onepaTvBHOE 3anoMuHaiowee yctponctso (O3Y, RAM). Adeiku
namaty B O3Y u MNM3Y MoryT ncnonb3oBaTbCa AN XpaHEHUs AaHHbIX U KOMaH, NporpamMmbl.

N3Y y koHTponnepoB pasHbix TUNoB MoxeT copepxatb 8K, 12K, 16K, 24K unun 32K BocbmupaspsaHbIx
adyeek namaAtvn. B M3Y umeetcs obnacTte, npegHasHavyeHHas ONA XpaHeHust crneuvarnbHbIX AaHHbIX (BEKTOPbI
npepbiBaHus, KoY 3awmTel M3Y n gpyrve cneumanbHble KOAbl).

O3Y y KOHTpPONMEepOoB pasHbIX TUNOB MOXeT umeTb 128, 256 unu 512 BocbMumpaspsagHbix ayeek namstu. MNpu
ucnonb3oBaHmn O3JY Ona  pasmelleHWss KOMaHg MporpamMmbl  OTKPbIBAETCS BO3MOXHOCTb  BbIMOMHATh
MoanduKaLuio KOMaHa B MPoLecce BbIMOSIHEHMS MPOrpamMMbl.

Mpoueccop obpawaetrca k namatn 4yepes koHTponnep namatm (KM, MC). Yepes koHTponnep namatv
OCYLLEeCTBNAETCA Takke obpalleHne K BHELUHEW namsaTu, peanu3oBaHHOW C nomoLlbio Mukpocxem O3Y u T3Y.
KoHTponnep namsaTu nossonsieT npy OAHOM obpalleHun K namMaTy CUYATbIBAaTb WNKW  3anucbiBaTbh  Kak
BOCbMUpa3psaHble,Tak 1 LecTHaauaTnpaspsaHble Koapl.

MakcnmanbHbIn CyMMapHbIi 06beM BHELLUHEN U BHYTPEHHUN namaty (6e3 PO3Y) y MUKPOKOHTpONnepoB
fonblwmHcTBa TMNOB cocTaBnsieT 64Kx8 6ut. Y MukpokoHTponnepoB noacemenctesa NT cymmapHbii ob6bem
namsaT MoxeT ObiTb AoBeaeH Ao 1Mx8 6ut. MUKpoKOHTponnepbl, B 0603Ha4YeHUN TUMa KOTOPLIX Ha BTOPOM MecCTe
ctouT uudppa 0 (X=0), He nmetoT BHyTpeHHero M3Y. Ero dyHKUuMmM peanmaytoTcs ¢ NoMoLLbio Mukpocxem [M3Y,
BXOASLLMX B COCTaB BHELLUHEN NamsATy.

NEPUOEPUMAHBIE YCTPOUCTBA MUKPOKOHTPOJIEPA cemeiictBa MCS-96 no BbINOMHAEMbIM
DYHKUMSAM MOTYT ObITb OTHECEHbI K OAHOW M3 LLIeCTV rpynr:

1. ycTpoiicTBa BBOAA M BblBOAA AaHHLIX, NPeAcTaBeHHbIX MHOropaspsaHbIMU ABOUYHBIMU KOAaMMU;
2. ycTpoiicTBa BBOAA M BbIBOAA OTAENbHbIX ONCKPETHLIX CUrHamnoB (BKMHOYEHO-BLIKITHOYEHO);
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yCTpoiicTBa BBOJA M BblBOAA aHANOroOBbIX CUIHArOB,;

ycTpoiicTBa 06MeHa AaHHbIMU C APYTMMU MUKPOKOHTPOSNEPaMM M LIeHTPanbHbIM NPOLIECCOPOM CUCTEMBI;
yCTpoiicTBa nprMemMa 1 o6Cny)XMBaHUS 3aNpOCOB NpepbiBaHUS;

YCTPOWCTBA KOHTPOJISA NPaBUIIbHOCTU (DYHKLMOHMPOBAHUS MUKPOKOHTpOIepa.

ook w

Ona ynpaBneHuss paboTon nepudepunHbiX YCTPOUCTB U OnpederneHus MX COCTOSHUSI UCMOMb3YHTCSA
perncTpbl cneumanbHbIX yHKkumi (Special Function Registers -SFR).

TAAMEPDbI [lsa 16-paspsigHbix Taiimepa TIMER1 u TIMER2 o6ecneumBaloT CUHXPOHM3aLMo paboTbl
YCTPOWCTBa BBOAA-BbIBOAA UMMNYNbCHbIX curHanoB (HSIO, High Speed In/Out unit) ¢ peanbHbiIM BpeMeHeEM U
BHeLWHUMKN cobbiTnsimn. TIMER1 cnHxpoHuaupyeTtca nsHytpu, torga kak TIMER2 CMHXpOHU3NPYETCS CHapyXu.

CODE RAM_3T0 gononHutenbHoe O3Y, B KOTOPOM MOXHO pasMeLLaTb UCNONHAEMbI Ko4. JTOT kof byaet
BbINOSTHATLCS O4eHb ObICTPO, Tak kak Code RAM umeeT 16-paspsaHbii MHTEPEC C HYNEBLIM LIMKIIOM OXUOAHUS.
Code RAM MOXeT NpUHECTM CYLIECTBEHHYHO MONMb3y B 3agjayax, rge TpebyeTcsa MakcMmarbHO ObicTpoe
BbIMOMHEHNE TONbKO Hebomnbwux ¢parMeHTOB Koda, MO3BOMSAS MNpW 3TOM  UCMOMb30BaTb CPAaBHUTENBHO
MeaneHHoe u geluesoe 8-6utHoe M3Y ang xpaHeHWs ocTanbHOM YacTu nporpaMmmbl. KOHEYHO, 3Ty NaMATb MOXHO
MCcnonb3oBaTh U ANA pasMeLLeHns AaHHbIX UK cTeka.

OHEPIONOTPEBJEHUE OO6uiee notpebneHune - He bonee 75 MA Ha yacTote 16 MI'y. NmetoTcs pexnmbl
C NOHWXeHHbIM aHepronoTpebnexuem: IDLE (30 MA) n POWER DOWN (0,1 MA).

TEMMNEPATYPHbIA OWAMA30H, KOPMYCA_CyulecTByeT 4eTblpe pasHOBMAHOCTY MO TemnepaTypHOMY
AnanasoHy pabotbl: kommepyeckui (0...+70 rpagycos), pacwumperHbii (-40...+85), aBTomobunbHbIn (-40...+125) n
BOEHHbIN. Kpome TOro, MMKpOKOHTpOMnepbl MOryT ObiTb MOABEPrHYTbl AMHAMWYECKOW 3MNEKTPOTEPMOTPEHMPOBKE.
UC yctaHaenmBaroTcs B kopnyca Tunos: PLCC-68, QFP-80, kepamuyecknin LCC-68, n kepamuyecknii PGA-68.

7.2.MepudepurnHblie ycTpoOUCTBA.
7.2.1.YcTponcTBa BBOAA U BbiBOAA AAHHbIX.

BBog v BbIBOO OaHHbIX, NpeAcTaBeHHbIX MHOropaspsgHbIMU ABOUYHBIMU KOAaMK, OCYLLECTBMASETCH Yepes
napanneneHble noptbl. B MukpokoHTpornnepax cemernictBa MCS-96 wucnonb3yloTcs BOCbMUpaspsigHble U
yeTblpexpaspsgHble NopTol. [py 3TOM MUKPOKOHTPOIEP MOXET MMETb OT YeTbIPEX 40 BOCbMU MOPTOB.

[Ba BocbMupaspsagHbix nopta (P3 u P4) npepHasHayeHbl ONA NOAKMOYMEHWUS BHELWIHENW MaMsTu.
Vcnonb3oBaHWe aTuUX NOPTOB A BBOAA U BbIBOAA AAHHbLIX BO3MOXHO NWLLIbL NPU €€ OTCYTCTBUM.

TMN AvHM nopta | (O'BO B | KOIBO B | KOTI-BO B Kon-Bo B noptax 3 n 4 KOM-BO B NOPTY 1o cerg
nopty 0 | nopty 1 | nopty 2 HSIO
NByHanpaBneHHas 8 2 16/0 2 28/12
TOSNbKO BXOA 8 4 2 14
TOJbKO BbIXO[] 2 4 6
nopTbl 3/4 3aHATLI ecnu 48/32
NCNONb3yeTCs BHELUHAS LUMHA

OtpenbHble BbIBOAbI MapasuienbHbIX MOPTOB MOFYT BbIMNOMHATL anbTepHATMBHbIE YHKUUKM  (Mprem
3anpocoB npepbiBaHWA, BbIBOL, CUrHaANoB ynpaeneHus v Ap.). [Ans nepesoga BbIBOAOB MOPTOB B PEXNM
anbTepHaTUBHbIX (PyHKUUN HeobxoouMMO 3acnatb onpefeneHHoe ynpasngwollee CroBO B COOTBETCTBYHOLLNIA
perncTp cneumanbHbIX QYHKLUUA.

7.2.2.YcTpONCTBO BBOAA U BbIBOAA ANCKPETHbLIX CUTHANOB.

OnckpeTHble curHanbl (BKMIOYEHO-BBIKITFOYEHO) LUMPOKO MCMOMb3YIOTCA B CUCTEMAaX YNpaBreHus.

MaMeHeHne 3Ha4YeHns1 QUCKPETHOro curHana HasblBaeTcsl cCobbITueM.

B mukpokoHTpornnepax cemenctea MCS-96 gns o6paboTkm BXOAHbBIX U (DOPMUPOBAHUSA BbIXOAHbLIX CODLITUI
ucnonb3yeTcs crneuunansHble nepudepuiiHblie YCTPOWUCTBA, OCyLeCcTBAsOWME BbICTPbIN BBOA U ObICTPLIA BbIBOA
©e3 HenocpeaCTBEHHOMO yyacTus npoLeccopa.

BbicTpbIi BBOA 3akniovaeTcs B OBHapyxeHun cobbiTMs onpedeneHHOro Tuna Ha onpeaeneHHoM BXxoae
MUWKPOKOHTPOIepa 1 3anoMUHaHWe BPEMEHW ero HacTynmneHusl B 3alaHHO CUCTEME OTcYeTa BPEMEHW. BriCcTpbil
BbIBOZ, 3aKrtodaeTcs B (QOPMMPOBaHNM COBLITMS OnpedeneHHoro Tuna Ha 3a4aHHOM BbIXO4E MUKPOKOHTposepa
B 3aJaHHbIi MOMEHT BPEMEHW.

Ons BbINONHeHWs1 onepaumii ObICTPOrO BBOAA W BbIBOAA B MWUKPOKOHTPOSIEpax pasHbIX TWUMOB
ncnonb3ytoTcst unu 6ok GeicTporo BBoga-ebiBoga (HSIO), nnm 6rnok npoueccopoB cobbitun (EPA).

B oboumx Gnokax AN OpPMUPOBAHMS  TEKyLWero  3Ha4YeHWss  BPEMEHU  UCMONb3YHTCH
LWecTHaauaTupaspsaaHble TalMepbl-CHETYMKM, HA CYETHble BXOAbl KOTOPbIX MOAAKTCA CWUrHanbl BPEMEHW OT
BHYTPEHHErO reHepartopa Wi oT BHELLHEro MCTOYHUKA.

B 6noke GbicTporo BBoga-BbiBoga (HSIO) ansa o6paboTkm BXOAHbLIX COObITUIA U POPMUPOBAHUS BbIXOAHbLIX
COObITUI UCMONb3YITCH CrneunanMaMpoBaHHble MOAynuM ANnd BBoAa W ANS BbiBOAa, a B Onoke npoeccopos
cobbitun (EPA) copepxutca Habop yHuBepcanbHbIX MOAYMNEW, KaXAbll M3 KOTOPbIX MpU NpOorpaMmMupoBaHum
HacTpamBaeTcs Ha paboTy unu B pexnme BbiCTporo BBoAa (capture-zaxeaTa) unu B pexume BbICTporo BbiBOAA
(compare-cpaBHeHUs).
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Mo pesynbTatam 06paboTkn BXOOHbIX COOLITUA  MOrYT BbIMUCHATHCA NapamMeTpbl  MMMYMbCHbIX
nocreqoBaTenbHOCTEN Ha BXOOAaX MWKPOKOHTpOMNepa — nepuog cnefoBaHus UMNYNbCOB, WX AMNUTENbHOCTb,
COBMI BO BpEMEHU MexXay UMNynbCamun Ha pasHbIX BXoAax U Apyrne napameTpbi.

Bbnokm HSIO u EPA kpome onepauuin ObICTPOro BBOAA M BbiBOAA MOMYT WCMNONb30BATbCA Anst
POPMUPOBAHUSA BPEMEHHbIX 3a4epXKeK (PEeXUM NPOrpaMMHOro TammMepa) dopMMPOBaHMS CUrHamNoOB crneumanbHoOm
dopmbl  (HampuMep, CurHama C  LWWMPOTHO-MMIYNbCHOM  MoAynsaumen), 3anycka  aHanoro-uudgpoBoro
npeobpasoBaTenst U BbIMOSTHEHWS HEKOTOPbIX APYTUX (YHKLWIA.

7.2.3.YcTponcTBa BBOAA M BbIBOAA aHANOroBbIX CUrHaNoB

Y MUKPOKOHTPONNepoB GOMbLUIMHCTBA TUMOB B YMCNO NEPUEEPUNHBIX YCTPONCTB BXOOUT MHOTrOKaHaslbHbIN
aHanoro-Lmdpposon npeobpasosartens (ADC). Yucno kaHanoB mMoxeT 6bITb paBHo 4, 6,8, 13 unu 14. BxogHoe
HanpshkeHne B KaHane MoXeT u3meHsTbcs B npegenax ot 0 go 5 (5,12)B. B pesynbrate npeobpasoBaHus
dopMmpyeTCa BOCbMUPa3psaaHbIA v AecAaTupaspagHbIi 4BOUYHBINA KO,

3anyck npeobpasoBaHusA B kaHarne MOXeT Mpou3BOAUTLCHA MO KOMaHAe B MporpaMme unm no curHany u3s
onoka HSIO wnu EPA B 3apaHee 3agaHHOe Bpems. HekoTopble npeobpasoBaTtenv MOryT pabotatb B pexunme
CKaHVMPOBaHWsi BXOAOB.

Ha yacTtote 16 MI'y Bpems npeobpasoBanus - 19,5 Mkc. ImeeTcst cxema BbIGOPKU/XpaHEHNST U OTAENbHbIE
BXOZbl OMOPHOIo HanNpsPKEHUst U aHaNoroBoW 3eMnu.

MpeobpasoBaHne LMPPOBLIX AAHHLIX B aHaNOroBblA CUrHam BbIMNOMHSAETCA C MUCMOSb30BAHNEM LUMPOTHO-
umnynbcHoro mogynstopa (PWM). LUMpOTHO-UMNYMbCHBIN  ModynsaTop  dopMupyeT  nocrnefoBaTenbHOCTb
NPSAMOYrOfbHbLIX MMMYNBLCOB, CNEAYIOLWNX C NMOCTOSIHHLIM NeprMogoM. AnuTenbHOCTb UMMyrbca NpornopuuoHansHa
yuncny, npeobpasyemMomy B 3HAYeHWe aHanoroBoro curHana. Nonyyaemas umnynbCHasi NocneaoBaTeNbHOCTb C
BbIXO4a MUWKPOKOHTpOMfepa C NepemMeHHON CKBaXKHOCTbIO MOAAETCsl Ha BHELLHIOW MHTErpUpYIOLLYI0 CXeMy, C
BbIXOa KOTOPOW CHUMAETCH aHarnoroBbIn curHan.

[lnanasoH M3MeHeHUss CKBaXXHOCTM MMMYNbCOB - 256 rpagauumi. Nepuog MMnynbcoB MOXET ObiTb paBeH 256
unun 512 takrtam (31,25 nnn 15,625 kl'y, COOTBETCTBEHHO, ANd YactoTbl 16 MITw).

B mukpokoHTpomnnepax nogcemenctsa MC kpome [ABYX LWMPOTHO-UMMYMbCHBIX MOZYNSTOPOB MMeeTcH
crneumanbHbii 6ok cogepXalmii TPy LWMPOTHO-MMMYIbCHBIX MOAYNATOopa, paboTaloLlmx COBMECTHO. OTOT BIIOK,
Ha3blBaeMbI reHepaTopoM nepuoanyecknx konedbanunm (WG), umeeTt Tpu napbl BbIXOOOB. PasHOCTb HanpshkeHuin
Ha BbIXxo4ax OAHOM Napbl NpeacTaBnseT cobon cMHycoMaonoaobHbIN CTyneHYaTbii curHan. CurHansl, CHUMaeMble
C Tpex nap BbIXOAOB, MOryT ObITb MCMNONb30BaHbl AN NUTaHWA TpexdasHblX WHOYKUWMOHHLIX ABUraTenemn
nepemMeHHoro Toka. brnok noseonsieT Takke hopMMpoBaTL CUrHanbl AN1S YNpaBneHust BEHTUIbHbIMW ABUraTeENs MU
NMOCTOSIHHOMO TOKa, LIAroBbIMW ABUraTENSIMU U A5st HEKOTOPbIX APYrX Lenen.

7.2.4.YcTpoicTBa 06MeHa AaHHbIMU C OPYrMMUA MUKPOKOHTPOSNIEpaMM U LieHTpanbHbIM MPOLIeCCOpOoM.

OOmMeH paHHbIMKW C OPYTMMU MUKPOKOHTPONNIEpaMu B YMNpaBnsiolWen cucteme, copepkallert HEeCKOSTbKO
COBMECTHO paboTarmx MUKPOKOHTPOMMEPOB, MOXET OCYLLEeCTBMAATbCA MO NocrefoBaTenbHOMY KaHamy Wiv
nyTemM COBMECTHOTO MCMOSb30BaHWS BHELLHEWN NaMATH.

O6meH faHHbIMKM MO NocneaoBaTeNbHOMY KaHany BbIMOMHAETCH C MCMOMb30BaHUEM MOCrefoBaTenbHOro
nopta (SP). O6meH nponsBoauTCSa NyTEM MOCHINKN OTAENbHbIX KaApOoB, KaXabl N3 KOTOPbIX COAEPXKUT CTapTOBbIN
ouT, cemb unu BoceMb MHPOPMALIMOHHBLIX BUTOB 1 oaMH cTONoBLIN BUT. B cocTtaB kagpa MoOXeT ObiTb BKMOYEH
OOMOMHUTENBHBIN BUT, KOTOPbLIA NCMONBb3YeTCsa ANs KOHTPOMS N0 YETHOCTWN NPaBUSIbHOCTY NEPECHINIKN AaHHbIX UK
ONa pasnuyeHus KagpoB, codepXallumx agpeca aboHEeHTOB, U KaapoB coepXalluux AaHHble, Mpu BKIHOYEHUU
KOHTpOrepa B NPOCTENLLYIO NTOKamnbHYH CeTb.

MocnepoBaternbHbIA NOPT MOXET TakkKe OCYLLEeCTBMATb MOCrenoBaTenbHbIA BBOA4 WM BbiBO4 6anToB C
MCMOMb30BaHMEM BHELUHMX COBUralWmMxX PerucTpoB, KOTOPble B 9STOM Crydae BbIMOMHAKT  hyHKUMK
OOMOSHUTENbHbIX NapanenbHbIX NOPTOB BBOAA MIU BbIBOAA.

Y  MUKPOKOHTPOSIIEPOB HEKOTOPbIX TWUMOB B 4UCO nepudepuiHbiX YCTPOUCTB BXOAUT BTOPOWM
nocriegoBatenbHbli MopT (SSIO), ¢ MOMOLLBI0 KOTOPOro OCYLLECTBISIETCS HEMOCpPeaCcTBEHHbI 0OMeH Garitamu
MexXay OBYMS MWKPOKOHTpoOnnepamu nyTem nocrnegoBaTenbHoW nepedaym Ganta n comnpoBoxaalollen cepum
umnynscoB casura. [Nopt SSIO coaepXuT ABa nocrneaoBaTernbHbIX KaHana, Kaxabli U3 KOTOpbIX MOXeT paboTaTb
B pexume nepejaunm mnn B pexume npuema. MakcumanbHasi ckopocTb obmeHa (Ha uvactote 16 Mlu): B
aCUHXPOHHOM pexume - 1 M6oa; B CUHXPOHHOM pexunme - 4 M6og.

MukpokoHTponnepbl no4YTuM Bcex MoauduKauMn UMEKT annapaTtHble cpeacTBa, obecnedvBaiolme
COBMECTHOE WCMOMNb30BaHWE BHELIHEW MNaMATM HECKOMbKMMU MUKPOKOHTponnepamu. CornacoBaHue paboTbl
MUWKPOKOHTPOJSINIEPOB MpY OOpalleHnM K BHELUHEW namsaTth peanuayetcd ¢ nomouwbio curdHanoe HOLD, HLDA,
BREQ 1 gononHWTensHOM BHELLHEN annapaTypbl.

Y MUKPOKOHTPOJIIIEPOB HEKOTOPLIX TUMOB MMeeTcsl "nogvmMHeHHbln" nopt (Slave Port), npegHasHa4eHHbIN
ans obmeHa [JaHHbIMM C LEeHTpanbHbIM MPOLECCOPOM B Mepapxmyeckon ynpasnsiowen cucteme. Yepes
"NoQYUHEHHBIN" MOPT  MUKPOKOHTPOMNEP NOAKMYaeTCs HenocpeaCTBEHHO K CUCTEMHOM  MarucTpanu
MUWKPOMpPOLECCOPHON cucteMbl. OBMeH OaHHbIMM MPOUCXOOUT MOA YNpPaBEHVMEM LEHTparnbHOro npoueccopa,
KOTOpbIN ObpallaeTcs K MUKPOKOHTPONnepy, kak Kk cobCTBeHHOMY MOpTy BBoAa W BbiBoda. [lpu nosiBneHwuu
HeobxoOMMOCTM nepefaTb [faHHble B LUeHTparnbHbli  MpOLEeccop MUKPOKOHTPONMep nocbinaet 3anpoc
npepbIBaHuUS.
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7.2.5.YcTponcTBa NprMemMa 1 o6CnyKMBaHusi 3anpocoB NpepbiBaHUs.

3anpocbl npepbiBaHUs  Tekylwlenh nporpamMmbl  MOFYT MNOCTyNatb OT BHELUHUX WCTOYHWKOB WU
opMUPOBATLCA BHYTPU MUKPOKOHTpONfiepa B pasfnuyHbiX nepudepuriHbix ycTponcteax. Obulee 4ucno
WCTOYHMKOB 3arnpoCoB NpepbiBaHNS Y MUKPOKOHTPOMNEPOB pa3HbIX TUNOB MOXET ObiTb 21, 28 nnu 37.

3anpochkl npepbiBaHNS MOTYT MacKMpoBaTbCHA MyTEM MOCHISIKM KOOOB Macky B COOTBETCTBYHOLLME PErncTpbl
cneumanbHbix YHKUMA. B MUKpOKOHTpoOnmepax BCeX TUMOB MMEETCH NPOrpaMMHbIA KOHTPONep npepbiBaHui
(PIC). ObcnyxumBaHune 3anpoca npepbiBaHus ¢ ncnonb3oBaHveM PIC 3akniovyaetca B nepexode OT BbINOMHEHUs
TEeKylleh MnporpamMmMbl K BbIMOSTHEHUIO [OPYro OMpeaesieHHOM MporpamMmbl, COCTaBIIEHHOW pa3paboTyMKOM
nporpaMMHoOro obecneveHus.

AOpec nepBOM KOMaHAbl KaXKOOW MNpepbiBalolert nporpaMmbl  (BEKTOP MpPepbiBaHMS) XpaHUTCS B
onpegeneHHon nape sa4veek MN3Y B ob6nactv namaTv, OTBEAEHHOW ANS XpaHEeHUs creuumarnbHbiX daHHbIX. Mocne
3aBepLUEHNS BbINOMHEHWS NPepbIBatoLLen NPorpamMmmbl MPOMCXOAUT BO3BpaT K MpepBaHHON NporpaMme.

MpepbiBaowass nporpaMMa B CBOK oO4vepedb MOXeT OblTb MpepBaHa Mpu MNOCTyMneHuM noboro
He3aMacKMpOBaHHOro 3anpoca npepbiBaHWs BHE 3aBUCUMOCTU OT COOTHOLLUEHMSI MPUOPUTETOB 3anpoca,
BbI3BaBLLUEro Nepexop K AaHHOW nporpaMmMe, 1 HOBOIo 3anpoca npepbiBaHUS.

B MUWKpOKOHTpOMNnepax HEKOTOpPbIX TWUMOB KPOME MNPOrpaMMHOrO KOHTpomnfepa npepbiBaHUA UMeeTcs
MUKPOMpPOrpaMMHbIA KOHTponnep npepbiBaHun (PTS). JlioGon 3anpoc npepbiBaHWs, KPOME HECKOMbKUX OCODbIX
3anpocoB, MOXeT BbITb HanpasneH ans obenyxusaHus unu 8 PIC unn B PTS.

O6cnyxuBaHne 3anpoca npepbiBaHMs C ucnornb3oBaHnem PTS 3akniovaeTcss B BbINOMHEHUMU TUMOBOW
MUWKpPOMpPOrpaMMbl, NpW 3TOM BbINOMHEHWE oOnepauuin no MUKPOMporpaMMe COBMELLAeTCd BO BpPEMEHW C
BbIMOSIHEHMEM KOMaHA, TeKyllen nporpaMmmbl. Mukponporpammbl PTS oxBaTbiBalOT, B OCHOBHOM, MEPECHINKM
OaHHbiX. lMpepbiBaHus, obcnyxmnBaemble PTS, oTpabatbiBaioTcss GbicTpee, Yyem Te, KOTopble OGCMyXMBaKOTCSA
06bI4HbIM criocobom. OgHako, nporpaMmmmpoBaTth PTS HeENpoCTo, a OTNaXuBaThb eLLEe CIOXHee.

7.2.6.YCTpOMCTBA KOHTPOJIS NPaBUNbHOCTU (PYHKLMOHMPOBAHNA MUKPOKOHTpOepa.

Bce mukpokoHTponnepsbl cemenctea MCS-96 umetot ctopoxeson Tanmep (WDT). Ctopoxeson Tanmep no
NpoLLeCcTBUN OMpeferieHHOro MHTepBana BpeMeHW nepeBoaAT MUKPOKOHTpOMMep B COCTOsiHME cbBpoca.
MpaBunbHO paboTatowlass nporpaMma AofbkHa npefoTBpawaTte cOpoc MukpokoHTponnepa oT WDT nytem
nepuoamnyeckoro copoca B Hynesoe coctosiHne camoro WDT. NMpu cboe B xoge nporpammbl CTOPOXXEBOW TaiMep
CBOEBPEMEHHO He cOpacbiBaeTcsl, U Mpu €ero nepenoriHEHNM MUKPOKOHTPOMMep MnepeBoauTCa B COCTOSIHUE
cbpoca, 4YTo NpedoTBpaLlaeT NOSBEHNE U pa3BUTUE ONACHbIX CUTyauui B CUCTEME YrpaBreHUs.

MuvKpOKOHTpONMNepbl HEKOTOPbIX TUMOB WMEKT CxeMy OOHapyxeHus nadeHust 4acToTbl reHepartopa
TakToBbIX MMMynbcoB (OFD). MNpu CHWkeHUN YacToTbl HKe onpedeneHHoro ypoeHs OFD BbipabatbiBaeT curHan
cbpoca M nepeBOAUT MUKPOKOHTPONNEP B COCTOSHWE cbpoca. 3TO npepoTBpaliaeT MosiBfieHMe OnacHbIX
KOMOMHaLWMIA CUrHamnoB Ha BbIXO4AX MWKPOKOHTPOSEpPA, KOTOPbIE MOryT BO3HWKHYTbL MPWM OCTAHOBKE reHepaTopa
TaKTOBbIX UMMYLCOB B MPOU3BOSIbHBLIN MOMEHT BPEMEHM B NPOLIECCE BbINOSIHEHUS NPOrpaMmbl.

7.2.7.XapaKkTepucTUKN MUKPOKOHTPONIIEPOB NoaCEeMENCTB.

K 4mcny oCHOBHbIX (DYHKLMOHAMBHBIX XapakTEPUCTUK MUKPOKOHTPOIIIIepa OTHOCATCS:
®  EMKOCTb pPacrofioKeHHbIX Ha KpUCTarnne permcTpoBOoro onepaTyMBHOIO 3anoMyHaoLWEero yCTporucTBa
(RRAM), noctosHHOro 3anomMuHatoLlero yctponctsa (ROM), onepaTvBHOro 3anomMuHaroLLEero ycTponcTea
(RAM):
MakcumarbHasi TaktoBas YactoTa (F max)
uncro komaHg B cucteme komang, (N );
e cocTaB nepudepuiHbIX YCTPONCTB.

OcCHOBHble (PYHKLMOHANbHbIE XapaKTepUCTUKN 6a30BbIX MUKPOKOHTPOMNNEPOB NOACEMENCTB NpuUBEAEHbl B
Tabnuue.

EMKOCTb 3anomMuHaroLLmMx YCTPOMUCTB yka3aHa B banTax.

Mo 3HauyeHuIO TakTOBOM YacTOTbl MaxeT ObITb onpegeneHo O6bICTPOAENCTBUE MUKPOKOHTponnepa. Y
MUKPOKOHTpOMNepoB noacemencrea 8X9Y komaHbl KOPOTKMX onepaunii BbIMONHATCA 3a 12 nepuoaoB TakTOBOM
yacToTbl. [pn TakToBOM YacToTe 12 Mru, MWKPOKOHTPOSIEPbl AAHHOIO NoAceMencTBa UMET ObICTPOAENCTBUE
1000000 KopoTKMX onepauuri B CeKyHZY. Y MUKPOKOHTPOSSIEPOB OCTasibHbIX MOOCEMENCTB KOMaHObl KOPOTKMX
onepauuii BbIMOSHAKOTCA 3a 8 NepMofoB TaKTOBOW 4acTOThbl, U NMpU TakToBoW 4Yactote 16 Mruy obecneumBaeTtca
obicTponenctane 2000000 KOPOTKUX ONepaunii B CEKyHAY.

Mpn aTom cnegyet MMeTb B BMAY, YTO KOPOTKME Onepaumm B MUKPOKOHTposiepe cemenctea MCS-96 no
CBOEMY COOEPXKaHWUI0 CYLLIECTBEHHO OTMMYalTCA OT KOPOTKMX Onepauui B MUKPOKOHTPOSEpe C perMcTpoMm-
akkyMynaTtopom. Tak, Hanpumep, OOHOM KOPOTKOW onepauuun "crioxeHue" B MUKPOKOHTponnepe cemencrsa MCS-
96 npu nNpeactaBneHUM AaHHbIX B dopmaTte "6anT" cooTBETCTBYET MNOCHefoBaTeNbHOCTb U3 TPeX KOPOTKMX
onepaumm B MUKPOKOHTponnepe cemenctea MCS-51, a npu npeacraBneHun AaHHbIX B ¢popmate "cnoso" -
COOTBETCTBYET NOCeN0BaTENbHOCTb U3 LLIECTU KOPOTKUX OnepaLlmi.

Kpome TOro, B cucteMy KomaHz MUKPOKOHTponnepos cemenctsa MCS-96 BxoasT koMaHObl YMHOXEHUS U
jeneHus yucen B dopmate "crioBo" B MUKPOKOHTpoOMfepax gpyrmx ceMencTB Takme onepaunn BbIMOMHAKTCA No
noanporpammam, YTo pe3ko yBEeNIMYMBaET BPEMS UX BbIMOMHEHNS.
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OTmeueHHble O0COGEHHOCTU CyLLEeCTBEHHO COKpallalT BpPEMS BbIYUCNEHUA B  MUKPOKOHTpOMMepax
cemenictea MCS-96 no cpaBHEHWMO C MUKPOKOHTpOMnepaMu Apyrux CEMenCTB.

B cuctemy kOMaHA MUKPOKOHTpOMNepoB, maroTaBnuesaembix no KMAI TexHonoruu, BXoOoAaT pasnuyHble
OOMONHWTENbHbIE  KOMaHAbl, B 4YMCre KOTOpbIX MMEeTCss KOMaHaa mfepeBoda MUKPOKOHTponsepa B
3HeprocbeperaLme pexumbl - PEXUM XONOCTOrO XOA4a M PEXUM MOHWKEHHOIO 3HepronoTpebneHusi. B pexume
XOJIOCTOr0 X0A4a nporpaMma He BbINOSIHAETCH, HO hYHKLMOHUPYIOT BCE nepudepuiiHble YyCTPOMUCTBA, NPy 3TOM
notpebneHne 9SHeprMM OT WCTOYHMKA MWUTaHWs ymeHblwaetca Ha 60%. B pexvme MOHWXEHHOro
3HEepronoTpebneHns NpekpallaTcs BCe MpoLecchl B MUKPOKOHTPOIEpPE, HO COXpaHsAlTca AaHHble B PO3Y un
O3Y. lNpu aTomM ToK NOTPeBNEHNsI cOCTaBNSET eANHULIbI MUKpPOAMMep.

C nosiBneHneM Ha pbiHKe LIMPOBBLIX MHTErpanbHbIX CXeM MUKPOKOHTponnepos cemenctea MCS-96 cupmbl
Intel nepen paspaboTumkamn CUCTEM, coaepXKallMx BCTPOEHHbIE MWUKPOKOHTPOSNEPbLI, OTKPbIBAOTCA HOBbIE
fonbluMe BO3MOXHOCTU MO CO3[aHUI0 BbICOKO COBEPLUEHHbIX, ManorabapuTHbIX, SKOHOMUYHbLIX U HaAEeXHbIX
cucTeMm, NpMbopoB 1 YCTPOMUCTB PasnNMYHOro Ha3HavYeHus.

YacrtoTta (MIu)/ 5 _— YHuB. |CuHxp.
Kpuctann |6bicTpogencteue Anpectoe n3y Pervcr- | flon. [Taitme-| Karansi \fungHSIO] nocn. | nocn. [PTS|LWAM
np-Bo pbl o3y pbl AL B/B | EPA
(MIPS) nopTbl | NOPTHI
. Clock (Mhz)/ | Address . Code |- A/D /0 [HSIO/

Device Speed (MIPS) | Space ROM |Registers RAM Timers Channels Pins | EPA UARTs| SSIO PTSPWM

8X96BH 12/1 64K 8K 232 HeT 2 8 48 [HSIO| 1 HeT [HeT| 1

8XC196KB 16/2 64K 8K 232 HeT 2 8 48 |HSIO 1 HeT |HeT| 1

8XC198 16/2 64K 8K 232 HeT 2 4 48 |HSIO 1 HeT |HeT| 1

8XC196KC 20/2.5 64K 16K 488 HeT 2 8 48 [HSIO| 1 HeT [pma| 3

8XC196KD 20/2.5 64K 32K 1000 HeT 2 8 48 [HSIO| 1 HeT [pma| 3
BXC196KR/KQ 16/2 64K |16K/12K 488/360 [256/128 2 8 56 E1F?A 1 1 na | Her
8XC196JR/JQ 16/2 64K |16K/12K 488/360 [256/128] 2 6 41 | EPA 1 1 na | Het
8XC196KT/KS 16/2 64K [32K/24K 1000 |512/256 2 8 | 56 |cin| 1 1 |na|wer
8XC196JT/JS 16/2 64K [32K/24K 1000 [512/256] 2 6 41 | EPA 1 1 na | Het
8XC196JV 20/2.5 64K 48K 1.5K 512 2 6 41 | EPA 1 1 na | Het
8XC196MC 16/2 64K 16K 488 HeT 2 13 53 | EPA| Het HeT | pa | Het
8XC196MD 16/2 64K 16K 488 HeT 2 14 64 | EPA| Het HeT | pa | HeTt
8XC196MH 16/2 64K 32K 744 HeT 2 8 50 | EPA 2 HeT | pa | Het
8XC196CA 20/2.5 64K 32K 1000 256 2 6 44 | EPA 1 1 na | Het
8XC196NT 20/2.5 M | 32k | 1000 | 512 | 2 4 |56 || 1 1 |na|wer
8XC196CB 20/2.5 M | 56K | 15K | 512 | 2 8 | 56 |in| 1 1 |na|wer

8XC196NP 25/3 1M 1000 HeT 2 HeT 32 | EPA 1 HeT |pa| 3

80C196NU 50/6 1M HeT 1000 HeT 2 HeT 32 | EPA 1 HeT |pa| 3

8XC296SA 50/16 6M 2K 512 2K 2 HeT 32 | EPA 1 HeT [HeT| 3

Ta6bnuuya.14. HomeHknamypa MCS-96
7.2.8.Movyemy 80C196 6bicTpee, yem 80517

Kpuctannbl 80C196 wusrotaBnuBatoTca no 6Gonee COBPEMEHHOW TEXHOMOrMU (C MEHbLUMM pa3MepoM
3NeMEeHTOB Ha KpucTanne), noatomy focTturalotca 6onee BbICOKME TakTOBble YacToThl. Hanpumep, kpuctann
80C196NU mmeeT TakToByto YactoTty 50 MI'L, a Hanbonee ObicTpogencTeytome n3 cemencrea 8051 - 24 My,

Bce 232 BHyTpeHHUx pernctpa 80C196 nmetoT ctatyc " akkymyrnsToOpoB " - K HUM MOXHO HENnocpeacTBEHHO
NPUMEHsSITb BCe Heobxoaumble apudmeTmdeckne n normdeckne onepauun. Y 8051 Onsi AOCTUXKEHMS TeX Xe
pe3ynbTaToB 3a4acTyl0 HEOOXOAMMO BbIMOSHATL AONOMHUTENBbHbBIE MEPECHINKN B aKKyMYyFsiTOP U U3 HEro.

Y 80C196 MOXHO Mcnonb3oBaTb 16-pa3psgHyt0 BHELLHIOW LWKHY. Kpome Toro, umkn wuHbl 80C196 B 3-4
pa3a kopoye, Yyem y 8051. B pesynbtate, 80C196 B 6-8 pa3 GbicTpee paboTaeT ¢ BHelwHeln namaTtbio. OTMeTUM,
yTO, ANS TOro, YTOObLlI CHU3UTb CTOMMOCTb U3OENUA, MOXHO BBOAWTb B LUMHY LIMKMAbI OXUOAHUS U COKpaTUTb ee
LWMPUHY o 8-Mu 6uT; Ho aaxe B aToM crniydae 80C196 GyaeT umeTb NpenmyLLLecTBO B 2-3 pasa.

B 3apavax, Tpebyiowux 16- n 32-paspsagHbix BblumcneHuin, 80C196 npumepHo Ha nopsaok BbicTpee,
NOCKOMbKY MMeET NOSHOLUEHHbIN Habop 16-paspsaaHbIX apnMeTUHeCcKUX NHCTPYKLUIA.

OgHym  n3  cambix 9PdEKTUBHBLIX CMOCOBOB COKpalleHUs BpemMeHu pa3paboTkM nporpamm  And
MUKPOKOHTPOMNEPOB ABMsieTCs npuMeHeHue a3bika Cu. Asbik Cu 6asupyeTca Ha LWMPOKOM UCMOMNb30BaHMU CTeka
n ykasartenen. OgHako anst 8051 ucnonb3oBaHne Cu 3aTpyaHEHO M BedeT K 6onbluMM HaknagHbIM pacxogam, U
BOT noyemy. NMockonbky 8051 umeeT HebonbLIoM cTek, Cu-komnunsitopbl Ans 8051 reHepupytoT LONONHUTENbHBIN
Ko4, aMynuvpyrowmin 60onbLION CTEK BO BHELLIHEN NaMATM AdaHHbiX. Boobaeok 8051 wumeer Bcero oguH 16-
pa3psigHbIn ykasaTtenb - DPTR, n komnunaTopam Takke NPUXOAUTCS TeHepMpoBaTh OOMOMHUTENbHBIN KOA, YTOObI
KOMMEHCUPOBaTb 3TOT HedocTaToK. Bce aTo mpuBOOUT K 3aMedneHuno MporpaMM U yBENMYEHU0 ux pasmepa. Y
80C196 Takmx npobnem HeT - CTek nmeeT pasmep Ao 64 Kbant, a B Ka4yecTBe ykasaTernisi MOXHO WCMOSb30BaThb
noboe 13 116 crnos BCTPOEHHOW PErMCTPOBOM NaMATH.
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8.0co6eHHOCTM NporpaMMmnpoBaHUA MUKPOKOHTPOJSISIEPOB U NPOLLIeCCOopPOoB
undpoBon 06paboOTKN CUrHanNoB.

8.1.1.06wume ocobeHHOCTMU.

OcobeHHOCTb HamMcaHusi U OTNadkM MNporpaMMHoOro obecneveHus AN OAHOKPUCTanbHbIX MUKPO-OBM
(MMKpPOKOHTpPOINEPOB) M npoueccopoB undpoBon obpaboTkn curHanos (LINMOC) coctout B TOM, YTO ANiS 3TOrO,
Kak npaBuio, COBEPLUEHHO HEeJOCTaTOYHO WMETb CUCTEMbl, COCTOSILLEN TOMbKO W3 MpOorpaMMuMpyemMoro
MUKpOoKoHTponnepa unu LINMOC. 3To cBs3aHo ¢ TeMm, YTo,

e BO-NMEPBLIX, Kak MpaBWIlo, PECYPCOB MUKPOKOHTposnepa (o6bema namsitn, ObICTpOOEnCTBMSA) He
OOCTaTOMHO Ans  pasMelleHust U (OYHKUMOHMPOBBAHWS [aXe MpPOCTEMNX CEPBUCHBLIX MporpaMm
(pepakTopa TekcTa, TpaHcnsaTopa W OTNafoYHOr0 MOHWUTOpA) HEOOXOAUMBIX A HamnucaHus U OTnaaku
nporpamMmbl, eCrnv oHa gaxke bygeT HBNucaHa Ha AccemMoOnepe;

e BO BTOpPbIX, HEKOTOpblE apPXMTEKTYpHble OCOBEHHOCTU (pa3genbHble obnactu namsiTn Ons XpaHeHus
nporpaMM M [aHHbIX, YCTPOWCTBA 3aliuTbl MaMsiT Mporpamm) MUKPOKOHTPOSISIEPOB 3aTPYOHSIOT WK
JenarT MNpoCTO HEBO3MOXHbIM pefakTMpoBaHue (HanucaHue, OTnagky) nporpaMm, Mo KOTOPbIM OHU
paboTator.

Bce ato 3actaBngeTr npu paspaboTke nporpamm Ansi MUKPOKOHTPOMMEPOB WCMOMb30BaTh ChneunanbHble
CpeacTBa - Ha3blBaeMbIMU MHCTPYMEHTarNbHbIMU CPeACcTBaMM pa3paboTku 1 OTNaaKu .

B cnyyae noctpoeHus cpeacTts pa3paboTku n oTnagku Ha Gase yHMBepcarbHOro KOMMbloTepa CTaHOBUTCS
BO3MOXHbIM CYLLECTBEHHO OOnerymTb pa3paboTKy nporpamMmm - WUCMONb30BaTb SA3blKM BbICOKOro ypoBHs - C,
Mackanb, MOCTPOUTH [OPYKECTBEHHLIN WHTEPMENC, UCNONb30oBaTh MNPUHUUMNBI OOBEKTHOIO U  BU3YyarbHOMo
nporpaMMmpoBaHmnst 1 np. PaccmoTpum pasnuuyHble BapuaHTbl MOCTPOEHWUS MHCTPYMEHTarnbHbIX CPEeAcTB
pa3paboTKun 1 OTNagKu.

8.2.Tunbl MHCTPYMEHTaNbHbIX CPeACTB pa3paboTKU U OTNaAKM NporpamMm AnA
MWKPOKOHTPOIEPOB U npoLeccopoB LuucpoBon o6paboTKn curHasnos.

K YUNCIY OCHOBHbIX MHCTPYMEHTAalIbHbIX CpeACTB OTN1aAKN OTHOCATCA:

BHyTpUcxeMHble aMynaTopbl;
MporpamMmmHbIe CUMYNATOPSI;
Mnatbl pa3BuTKs;

MoHuTOpbLI OTNagKku;
OmynaTopsbi M3Y.

[aHHbIN CNMCOK He McYepnbiBaeT BCEX TUMOB CYLLECTBYIOLLMX MHCTPYMEHTarbHbIX cpeacTB otnagku. Kpome
yKa3aHHbIX, CYLIEeCTBYIOT M KOMOWHMPOBaHHbIE YCTPOWCTBA M Habopbl, KOTOpble MO3BOSSIOT KOMMEHCUMPOBATbL
HeOoCTaTKM OCHOBHbIX CPeACTB, B3ATbIX MOPO3Hb.

8.3.BHyTpUCxeMHble aMynATOPLI.
8.3.1.MpuHUMN paboThl.

BHYTpUCXEMHBI  SMYNATOP - MNPOrpaMMHO — annapaTtHOe CPeACcTBO, CrnocobHoe 3amelatb Ccobon
3MynMpyemMbI  (MOOENUPYEMBIA) MPOLECCOP B pearnibHOM cxeme. BHyTpUCXEMHLIN 3MynaTop - 3TO Hambonee
MOLLIHOE U YHMBEpCarbHOE OTNago4YHoe CPeACTBO.

Mo cytm pena, «xopowwni» BHYTPUCXEMHbIA 3MYNATOp AdenaeT npouecc  (PyHKUMOHUPOBaHUS
OTNaXXMBAeMOro KOHTpomnnepa npo3payHbiM, T.€. FNEerko KOHTPOMNMpPyeMbiM, MPOU3BOMbHO YyrpaBndemMbiM W
MoamcuLmpyembiM Mo Bone paspaboTumka.

OBbIYHO CTbIKOBKA BHYTPUCXEMHOrO aMynsatopa C OTNaXuBaemMonW CUCTEMOW NPOU3BOAMTCA MPpU NOMOLLU
3MYNSAUMOHHOIO Kabens co crneumnanbHON 3MYNALUMOHHON FONTIOBKOW. OMYNSILMOHHAS FOfOBKa BCTaBIAETCS BMECTO
MUWKPOKOHTPOIIiepa B OTNaXvnBaeMmyo cuctemy. ECrim MUKPOKOHTpoONep HEBO3MOXHO yAanuTb U3 OTNaXxvBaeMon
CUCTEMBI, TO WUCMOMb30BaHUE 3MYMNATOpa BO3MOXHO, TOMbKO €CMM 3TOT MMUKPOKOHTPOMMEp MMeeT OTNnagouHbIv
peXvM, MpuM KOTOPOM BCE €ro BbIBOObl HAaXOAATCA B TpeTbeM COCTOSHMM. B aTOM cnyyae Oond noaknioyeHus
3MyNSATOpa MCMONb3YIOT CreuvanbHbli aganTep-KInncy, KOTOpbIA NOAKMHYaeTCa HEeMoCPeACTBEHHO K BbiBOAAM
3MyNMpyemMoro MMKpOKOHTpOrepa.

8.3.2.Knaccudmkaumsa BHyTPUCXEMHbIX IMYNSAITOPOB.

CDyHKLIMOHaJ'IbHO BHYTPUCXEMHbIE SMYNATOPbI OENATCA Ha
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e  CTblKyeMbl€ C BHELLUHEWN BbIMUCNNTENBHON MaLLMHON (06bI4HO 3TO 6biBaeT IBM PC), n
e (DYHKUMOHMPYIOLLME aBTOHOMHO.

ABTOHOMHbIE BHYTPUCXEMHbIE AMYNATOPbI UMEKT NMHAMBUAYANbHbIE BbIMUCIUTENbHBIE PEeCypChbl, CpeacTBa
BBOLa-BbiBOAA, He TpeOylT Ans CBOEWM HopMmanbHOW paboTbl CTBIKOBKM C  KakKMMU-NMMOO  BHELLHMMM
BbIYUCTIUTENBHLIMM CPeACTBaMM, HO 3a 3TO MOSb30BATEN MPUXOAMTCS pacnnaymBaTbCa NMOO CyLECTBEHHO
©onee BbICOKOW LeHOW, IO NOHMKEHHBIMU (PYHKLUMOHANBHBIMU U CEPBUCHBIMU BO3MOXHOCTSIMU MO CPABHEHUIO C
aHanornm4yHbIMn Mogensamm, cTeikyembimu ¢ IBM PC.

8.3.3.PyHKUMOHaNbHbIe BO3MOXHOCTU BHYTPUCXEMHbIX 3MYJIAATOPOB.

Habop dyHKUMOHANbHBIX BO3MOXHOCTEW, KOTOpble NPEAOCTaBMsOT pa3paboTymky BHYTPUCXEMHbIE
3MyNSATOpbl BECbMAa LUMPOK M BKMOYaeT B cebsi nMpakTuydecku Bce pasHoobpasve (hyHKUMOHambHbLIX MOAyrnewn
CpeacTB pa3paboTok.

Takke cCyLleCTBEHHO o06nerdntb paboTy paspaboTuvMka MOXET HanuuMe B nporpaMmHon obornouke
3MynsaTopa BCTPOEHHOIO pedakTopa, BCTPOEHHOrO MeHekepa MPOEeKTOB M CUCTEMbl ynpasneHud. Torga
CTMpaeTCs rpaHb MexXdy HamvMcaHueM nporpaMmbl, €e pefakTupoBaHuem U otnagkon. [lepexog ot
pefakTMpOBaHUS UCXOQHOMO TeKCTa K oTrnagke - Hadany paboTbl COOCTBEHHO amMymnsaTopa u obpaTHO MpPoMcXoauT
«MpO3paqHO» M CUHXPOHHO C akTMBM3auMen COOTBETCTBYIOLUMX OKOH, MeHedXep MNPOEeKTOB aBTOMAaTUYECKM
3anyckaet KOMMUASAUMIO MO Mepe HeobXOOUMOCTM WU aKTMBM3UPYET COOTBETCTBYHOLUME OKHA MNPOrpaMMHOro
uHTepgenca.

Mpu paboTe BHYTPUCXEMHOIO 3MyNATOpa B COCTABE MHTErPUPOBAHHOWM CPedbl CTOMb e MPOCTO MOXHO
OCYLLIECTBUTb M Nepexos K oTrnagke NpoekTa C MOMOLLLI0 MMEILLErocs OTNagyMka-cMMynaTopa U npucTynuTb K
3aHeceHuio B [13Y MUKPOKOHTponnepa OTNaXeHHON NporpamMmMon.

HekoTopble MoOAENM BHYTPUCXEMHbLIX 3MYMSITOPOB MOrYT MpefoCTaBnATb MONb3oBaTensiM W - gpyrue
OOMONHUTENbHbIE BO3MOXHOCTM. Cpean HMX OTMETMM OfHY, XOTS M OOCTaTOYHO crneumduyeckylo, HO B psage
CryyaeB VMEWLLYIO MNpUHUMNUanbHOE 3HadYeHue: BO3MOXHOCTb MOCTPOEHUS MHOFO3MYMSTOPHBIX KOMMSIEKCOB,
HeoOXOAMMbIX ANA OTNagkn MynbTUNPOLIECCOPHbIX cucTeM. OTnMYMTENBHOM OCOBEHHOCTBIO TaKOro KOMMIeKca
ABMNSIETCH BO3MOXHOCTb CMHXPOHHOTO ynpaBrieHns (C 0gHOro KOMMbTepa) HECKONBKUMU 3MYNATOPaMMU.

8.3.4.locTonHCTBa U HEJOCTAaTKU BHYTPUCXEMHbLIX 3MYJIATOPOB.
K LOCTOMHCTBaM BHYTPUCXEMHbIX AMYNSATOPOB CneayeT OTHECTU

e LIMPOKUA HaBop PYHKUMOHAMbHBIX BO3MOXHOCTEN, YTO AenaeT BHYTPUCXEMHblE 3MynaTOpbl Haubonee
MOLLIHbIM U YHUBEpCarbHbIM CPeACTBOM OTNAAKK;

e paboTy BHYTPUCXEMHOIO 3MymsiToOpa B peasibHoOW CXeMe 3feKTPOHHOro 6roka, B KOTOPOM npegronaraeTcs
poboTa MukpokoHTposnepa nnm LIMNOC;

e Gonbluas rmbKoCTb MOAENUPOBAHNS BPEMEHHbIX Y SNEKTPUYECKMX XapaKTEPUCTUK MUKPOKOHTpOSepa, YTo
CBSI3aHO C MPENMYLLECTBEHHO NPOrPaMMHbLIM METOAOM UX MOLENMPOBaHUS

OpHako BHYTPUCXEMHbIE AMYNATOPbI UMEKT Y HEOOCTKM.

e  OCHOBHbIM W3 HMX SIBNAETCA TPYOHOCTb MPOrPaMHOro MOAENUPOBAHUA 3MNEeKTPUYECKUX CUTHaroB Ha
BbIBOAAX MMWKPOKOHTpOSfiepa B pearnibHOM MaclwTabe BpemeHW. [ns afekBaTHOrO MOAENMPOBaHUS
ObICTPOAENCTBME MOLENVPYIOLLErO MPOLECcopa Unu KOMMbloTepa AOMKHO ObiTb CYLLECTBEHHO BhIlLE, YEM
3MYNUPYEMOro MUKPOKOHTpOMMepa, YTo AOCTMXKMMO [aneko He Bcerda, OCOGEHHO B Crydae amynsauuu
COBPEeMEHHBIX BblcokonpoussoamTenbHbix LINMOC 1 MUKPOKOHTPONNEPOB.

e Kpome Toro, Oaxe B crnyyae paGoTbl B 3amMedsIeHHOM MacluTabe BpemeHW, pasnuuyHble Mogenu
BHYTPUCXEMHbIX 3MYMSITOPOB MOMYT MMETb PasHOTO poda OrpaHWYeHUs MO KOHTPOIO U YNpaBrieHuto
(PYHKLUMOHMPOBAHMEM OTN@XMBaAEMbIX YCTPOMCTB, YTO CBSI3aHO CTPYAHOCTbIO WX MOZENMpPOBaHuSI.
Hanpumep, aTo MoxeT OblTb HeKoppekTHoe oGpabaTbiBaHve MpepbiBaHW B MOLUArOBOM PEXUME, UK
3anpeT Ha UCMosb3oBaHne NocrieqoBaTenbHOro nopTa u T.M..

8.4.PICE-51.

Bo3moxxHOCTH "peanbHOro” BHYTPUCXEMHOrO aMynaTopa NpounmiocTpupoBaHHO Ha npumepe mogenu PICE-51.
8.4.1.BHyTpUCXEMHbIN 3MynATOp 8-pa3pAaHbIX MUKPOKOHTpoOnepoB cemenctea 8051.

PICE-51 - amynaTop HOBOro MOKOMNEHWs, CO34aHHbIN C NPUMEHEHWEM HOBbIX TEXHOMOrnM paspaboTku
annapaTtypbl 1 NPOrpaMMHOro obecneyeHus.
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Puc.17. BHympucxemHbit amynsamop PICE-51

MpymeHeHne nporpaMmmmpyemMbix MaTpul, 6GONbLION EMKOCTU MO3BOMWUMO PEe3KO COKpaTUTb pasmepsbl
amynaTopa 6e3 kakoro-nubo yulepba ero yHKUMOHArNbHbIM BO3MOXHOCTAM, MWHUMU3MPOBATb OTKIMOHEHMUS
ANEKTPUYECKMX M YACTOTHbIX XapakTEPUCTUK IMYNSTOpa OT XapakTepUCTUK 3MYNMpyemMoro npoueccopa U, Tem
caMblM, 4OOMTBCA MaKCMMaribHOW TOYHOCTU 3MYNAUUKM Ha YacTtoTax Ao 30 Mru npy HanpspKeHUAX NUTaHus oT
3.3B po 5B.

lMepesarpykaemMasa annapatHas CTPyKTypa 3MynsTopa obecneymBaeT IMymnsumMio MPaKTUYECKU BCex
MUKPOKOHTposnepoB cemenctea 8051 kak oTe4ecTBEHHOro nNpou3eoAacTea, Tak u dupm: Intel, Philips, Siemens,
Atmel, Dallas, Temic, OKI, AMD, MHS n gpyrux.

MoLuHbIn nporpammHbIn MHTepdenc B cpeae WindowsB, npeactaBnseT cobon MHTErpupoBaHHy0 cpeay
pa3paboTkn, nogaepKMBaloLLyl0 BCe aTanbl pa3paboTkM NMporpaMMHOro obecneyeHust OT HamMCaHWst UCXOOHOro
TeKCTa nporpaMmMmbl OO €e KoMnunauuum m otnagku. [porpamma nogaepXku aMmynatopa OpueHTMpoBaHa Ha
OTnagKy NporpaMm Ha A3blke BbICOKOIO YPOBHSI MO UCXOAHOMY TEKCTY.

OMynaTop COCTOMT M3 OCHOBHOWM nnartbl pa3mepoMm 80x76MM, CMEHHOro aganTepa Mo KOHKPETHbIN
MPOLIECCOP W CMEHHOM 3MYMALMOHHOM TONOBKM MO KOHKPETHbIM Tun kopnyca. Ha ocHoBHoOM nnarte
peanu3oBaHbl: TPAacCUPOBLUMK, MPOLIECCOP TOYeK OcTaHoBa. [Inata CMeHHOro ajantepa CoOepXuT
SMYNUPYIOLLIMIA MPOLLECCOP MNOA KOHKPETHbIN TWUM MMUKPOKOHTpomnepa. IOMyMsUMOHHbIE TONOBKM obecneynBaioT
YyCTaHOBKy amyrnsTopa B korogkun DIP n PLCC Ha nnarte nonb3oBatens. [NuTaHne amynsaTopa ocyLecTBNsAeTcsl oT
onoka nutaHusa +5B, 0,5A UM HenocpeacTBEHHO OT OTMaXmMBaeMoro ycTponcTBa. CBs3b C KOMMbLIOTEPOM - MO
ranbBaHU4YeCKU pa3BA3aHHOMY kaHany RS-232C Ha ckopoctu 115 Kbog..

8.4.2. Xapaktepucrtuka annapaTypbl.

o To4Hasa aMynsums - OTCYTCTBME Kakux-NnMbo orpaHU4eHUn Ha NCNoMb30BaHWe NporpaMmMon Nonb3oBaTens
pecypcoB MUKPOKOHTpOIEpa.

o [lo 256K amynunpyemoi namaT nporpamMmm u gaHHbix. MNogaepyxka 6GaHKMpOBaHHOM MOAENN NaMsITL.

PacnpegeneHne namaTn Mexagy aMyrnsiTopoM U YCTPOMCTBOM MOJSb30BaTeNs C TOYHOCTbIO A0 1-ro banTa.

[o 512K annapaTHbIX To4ek OCTaHOBa Mo AOCTYMY K NaMsaTu NporpaMmM 1 AaHHbIX.

AnnapaTHas nogaepxka Ans oTnagkn nporpamMmm Ha A3blKkax BbICOKOrO YPOBHSI.

TpaccupoBka 8 NPOn3BOSIbHbIX BHELLHUX CUrHASIOB.

4 BbIXOAa CUHXPOHU3aLMKN annapaTypbl NONb30BaTeNs.

TpaccupoBLLMK peanbHOro BpemMmeHu ¢ 6ycepom ob6bemom ot 16K no 64K cpenmos no 64 6uta ¢

poctynom "Ha nety". TpaccnpoBka agpeca, AaHHbIX, CUrHanNoB ynpasneHus, Taumepa peansHoro BpeMeHu

1 8-MU BHELLUHNX CUrHANOB Nofb30BaTens.

e [Iporpammupyembin (UnNbTP TPaCCUPOBKH.

e AnnapaTHbIii NPOLECCOp TOYEK OCTaHOBA C BO3MOXHOCTbLIO 3a4aHus CITOXKHOMO YCIoBUSi OCTaHOBA
AMynAUMK NO KOMBMHALUKM CUTHAMNOB aapeca, AaHHbIX, ynpaBneHus, 8-My BHELLHMX CUrHarnoB, TaMmepa
peansHOro BpeMeHU, CHETYMKOB CODLITUIA U TanMepa 3a0epPXKKN.

e YeTbIpe KOMMNIIEKCHBIX TOYKM OCTAHOBA, KOTOPbIe MOryT 6bITb MCNONB30BaHbI HE3aBUCMMO UMK B
kombuHaumsix no ycnosusam AND/OR/IF-THEN.

o 48-pas3psgHblvi Taimep peasibHOro BpeMeEHW.

e [lpo3payHas amynsaums - goctyn "Ha nety" K aMynmpyemMon namsiTu, To4Kam OCTaHOBa, NPOLECCOPY TOYEK
oCcTaHoBa, bydhepy TpaccMpoBKU, TaMepy pearibHOro BpeMeHMU.

e YnpaBnsieMbli reHepaTop TakTOBOW YacTOThI A8 aMynMpyeMoro npoLieccopa. Bo3aMOXHOCTb NnaBHOro
n3MeHeHusa TaktoBon YactoTtbl oT 500 kl'y, go 40 My,

e [anbBaHU4eCKM pa3Bs3aHHbIN OT KOMMNbOTEPa KaHan cBa3n RS-232C co ckopocTbio obmeHa 115 Kboga.

e BcTpoeHHas cuctema camogmarHoCTUKKM annapaTypbl aMynsTopa.
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8.4.3.XapakTepuCcTUKM NporpaMMHOro obecneyeHus .

e [lporpammHoe obecneyeHne opueHTupoBaHo Ha paboty B cpefe Windowss Ha IBM-comecTnmbix
KOMNblOTEpPax ¢ npoueccopamm Tuna 386/486/Pentium;

e BCTpOEHHbIN MHOrOOKOHHbBIM pefakTop npegHasHayvyeH Anst HanMcaHWs UCXOOHbIX TEKCTOB Mporpamm.
Pepnaktop noggepxuBaeTt onepauun ¢ 6okamy TeKCTa, MOUCK/3aMeHy, LIBETOBOE BblaeneHne
CYHTaKCUYECKMX KOHCTPYKUMIA si3blka accembnepa n Cu;

e BcTpoeHHbI MeHemkep NPoeKTOB obecnevmBaeT aBTOMaTUYECKYO KOMMUNSALMIO Nporpamm. Bee onumm
3apatoTcsa B Agnanorosow oopme. MNepexoa OT pefakTMpoBaHUsS MCXOAHOMo TEeKCTa K oTrnazake n obpatHo
npoucxoauT "Npo3payHo”, T.e. MEHEKEP MPOEKTOB aBTOMATUYECKN 3amnyckaeT KOMMUITALMIO NpoeKTa npu
HeobxoaumocTw;

o PICE-51 obecneunBaeT CUMBONbHYKO OTNAAKy M OTNagKy No UCXOAHOMY TEKCTY Ansi NporpaMm, Co3aaHHbIX
C NMOMOLLbIO CMEeAYHLLIMX KOMMUIATOPOB:

o accembnep ASM51 cupmel Intel;

accembnep MCA-51 doupmbl ®utoH/MukpoKocm;

komnunstop PL/M cupwmel Intel;

accembnep n komnunaTop Cu cdupmbl IAR Systems;

accembnep n komnunaTop Cu mpmbl Avocet Systems Inc./HiTech;

accembnep n komnunaTop Cu cdmpmbl Keil Software Inc.;

e ABTOMaTMYECKOE COXpaHeHue 1 3arpyska pannos koHdUrypaLmm annapaTypbl, UHTepdenca n onuni
otnagku. ObecnevnBaeTcs COBMECTUMOCTb (hansioB KoHpurypauum ¢ cumynsatopom PDS-51. ObecneyeHa
NepeHOCMMOCTb NPOEKTOB Mexay amynsitopom PICE-51 n cumynatopom PDS-51;

e B0O3MOXHOCTb HACTPOWMKM LBETOB, LWPUTOB 1 APYrMx NapamMeTpoB Ansi BCEX OKOH OOHOBPEMEHHO 1 AiS
KaXKOoro okHa B OTAENbHOCTY;

O O O O

o

3MyJ'IF|TOp CHabXeH ne4yaTHbIM pykoBoOACTBOM MO 3KcnnyatauMn N KOHTEKCTHbIM J3JNIeKTPOHHbIM
PYKOBOAOCTBOM, B KOTOPbLIX Ae€TalrlbHO ONMUCaHbl €ro npnHUunbl pa6OTbI, KOMaHObl, MEHIO, ropA4vne KnaBuLLN.

8.4.4.CTpyKTypHas cxema amynsartopa PICE-51.

PICE-5!

‘ 411121111553311442&

PEMNSI-NX

P ﬂ

e ADP-FI-XY

Puc. 18. CtpykrypHas cxema smynsitopa PICE-51
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8.4.5.BapwmaHTbl KOomMnnektauum amynsatopa PICE-51.

OMynupyeMbIi MUKPOKOHTpOIep

Amynaums
BHYTPEHHeW
namMsaTu
nporpamm

KomnnekT nocraBku

OcHoBHas
nnarta

CMeHHbIN
apanTep

AMynsunoHHas
royioBKa

Intel: 80C31/32, 80C51/52, 80L/C51FA,
80C51RA;

Philips: 80C31/32, 80C51/52, 80C51FA;
80C51RA+, 80CL410,
80C524/528/550/652/654/575/576/851;
Atmel: 89C51, 89C52, 89C55, 8958252,
89S53;

Siemens: SAB501/502/504/505/511/513;
MHS: 80C31, 80C51, 80C32, 80C52,
80C154;

Oki: 80C31, 80C51, 80C154;

AMD: 80C31, 80C51, 80C52;

Het

PICE-51

POD-51-31

ADP-51-DIP40
wnu ADP-51-
LCC44

Intel: 80C31/32, 8XC51/52/54/58,
8XL/C51FA/FB/FC, 8XC51RA/RB/RC;
Philips: 80C31/32, 8XC51/52/54/58,
8XC51FA/FB/FC;
8XC51RA+/RB+/RC+/RD+,
8XC524/528/550/652/654/575/576/851;
89C535/536/538;

Atmel: 89C51, 89C52, 89C55; Siemens
SAB501;

MHS: 80C31, 8XC51, 80C32, 8XC52,
8XC154;

Oki: 80C31, 8XC51, 8XC154; AMD:
80C31, 8XC51, 8XC52;

64K

PICE-51

POD-51-RX

ADP-51-DIP40
vnu ADP-51-
LCC44

Atmel: 89C4051, 89C2051, 89C1051;

4K

PICE-51

POD-51-31
nnm
POD-51-RX

ADP-51-2051

Philips: 80C451, 80C453; 87C451,
87C453

64K

PICE-51

POD-51-453

ADP-51-LCC68

Philips: 80C552, 80C562; 80C554
Philips: 80C552, 80C562; 80C554,
87C552, 87C562, 87C554

Het
64K

PICE-51
PICE-51

POD-51-552
POD-51-554

ADP-51-LCC68
ADP-51-LCC68

Intel: 80C51GB

Het

PICE-51

POD-51-GB

ADP-51-LCC68

Dallas: DS80C310, DS80C320,
DS8XC520

64K

PICE-51

POD-51-
DS530

ADP-51-DIP40
vnu ADP-51-
LCC44

Dallas: DS8XC530

64K

PICE-51

POD-51-
DS530

ADP-51-DS530

8.4.6.CpaBHUTENbHbIE XapaKTePUCTUKN HEKOTOPLIX IMYJIATOPOB ANl MUKPOKOHTponepoB cemencTea 8051

Moaensb,lMocTaBLuunK

EMUL-51 Nohau
Corporation

USP-51 Signum
Systems

iceMASTER-
8051 MetaLink

PICE-5 ®uTton1

AMYNMpyemMon namaTin

Smynupyemble

Bce nssectHble Bce ocHoBHblE Bce ocHoBHblE Bce ocHoBHblE
MUWKPOKOHTPONEpHI
cemenicrea 8051 pasHOBUOHOCTU pasHOBNOHOCTU pa3HOBUOHOCTU pa3HOBUOHOCTU
MakcumaneHas vactota | 4o\, 40 MHz 24 MHz 33 MHz
AMYNALMK
MakcumanbHbIi 06bem 320K 256K 128K 512K

BoamoxHoCTK nepepac-
npegenexHvs namsaTm
MexXay 3MynaTopoMm 1
YCTPONCTBOM
nonb3oBarens

Brnokamu no 4K

Bnokamu no 256
oant

Bnokamu no 16
oant

C ToYHOCTbIO OO0
1-ro 6anTa
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Moaensb,lMocTaBLUKnK

EMUL-51 Nohau

USP-51 Signum

iceMASTER-

PICE-5 ®uTton1

Corporation Systems 8051 MetaLink

Ho 16K dpenmor | o 32K cperimos | [o 4K dperimos | [o 64K cppernmos
Bycpep Tpaccuposkm no 48 éur no 80 éut no 48 éur no 64 éuta
Hoctyn "Ha nety" K
3MynMpyemMon NamsaTu u Oa Oa Oa Oa

TPacCUPOBLLMKY

WHTepdpeiic ¢
KOMMNbIOTEPOM

Kapta B ISA crot

RS-232C,n00 115
Kbaude

RS-232C, po 115
Kbaude

M3onupoBaHHbIn
RS-232C, po 115
Kbaude

[lBe kapTbl B ISA

Becb amynartop -

chopmaTe Kopnyc Kopnyc B OMYSISALMOHHOMN
KoHCTpyKunst 1 pasmepbl ’ 260x260x64 mm, | 178x140x25 mm, | ronoeke

kabenu 2 meTpa,

PODb! kabenb, POD kabenb, POD pasmepom

80x76x50 mm

LleHa 3a conocTtaBumMyto
KOHMIypaLmio NOCTaBKuU:
nopaepxka 80C51, 25 $5200(Nohau $5300(Signum $4000 (MetaLink $990
MHz, 128K RAM, 6ycep | price list) price list) price list)

TpaccupoBkuM 06bEMO
16K cpperimosm
bornee nonHaa wHdoOpmauus,
http://www.phyton.ru
KoHeyHo, cTonb WMPOKUn HAabop OyHKLMOHANBbHBLIX BO3MOXHOCTEN, AeNaeT BHYTPUCXEMHbIE SMYNATOPDI
Hambornee MOLHbIM U YHUBEPCAlbHbIM CPEACTBOM OTIagKm

a TaK Xe [Jemo-Bepcusa amynsTopa, npegctaesneHa Ha Website:

8.5.llporpamMmmMHbIe cUMYnATOPLI.

CumynsaTop - NporpaMmMHOe CPeacTBO, CNOCOGHOe MMUTUPOBaThL PaboTy MUKPOKOHTPOMMepa 1 ero namsaTu.
Kak npaBuno, cMMynaTop COAepXXUT B CBOEM COCTaBe:

e OTnaguuk;
e Mogenb UMY n namsatu.

bonee npoaBUHYTbIE CUMYNATOPbLI codepXaT B CBOEM COCTaBe MOAENU BCTPOEHHbIX NepudepuirHbIX
YCTPOWCTB, Takux, kak Tanmepsl, nopTol, AL, cuctemsl npepbiBaHUNA.

CvmynsTop OOIMKeH ymMeTb 3arpyxaTb hannbl nporpamm BO BCEX MOMNynspHbIX dopMaTax, MakcumarbHO
normHo oTobpaxaTb WMHOPMaUUKD O COCTOSHMM PEeCYpPCOB CUMYNMPYEMOrO MMWKPOKOHTpOMnepa, a Takke
NpefocTaBnATb BO3MOXHOCTU MO CUMYNSAUMM BbINOMHEHNS 3arpy)KeHHOW NporpamMmbl B pas3nuyHbIX pexrmax. B
npouecce OTNagkM MoAEfNb «BbIMOMHAET» MPOrpaMMy, U Ha 3KpaHe KOMMbioTepa oOTobpaxaeTca Tekyllee
COCTOSIHVE MOAENW.

3arpysuB nporpammy B CUMYNSATOP, NONb30oBaTefb UMEeT BO3MOXHOCTb 3aryckaTb ee B MNoLIaroBOM Wnm
HenpepbLIBHOM pexuMmax, 3aaBaTb YCMOBHble U 6e3yCrnoBHble TOYKM OCTaHOBA, KOHTPOMMpPOBaTb M CBOBOAHO
MoaMdULMpoBaTb COOEPXKUMOE S4eeK NamAaTU U PerncTpoB CUMynupyemoro mukporpoueccopa. C nomMoLbo
CUMYNATOPa MOXHO ObICTPO MPOBEPUTb FOrMKY BbIMNOMHEHUS MPOrpamMmbl, MPaBUMNBHOCTb  BbIMNOMHEHUA
apudMeTNYECKMX onepauuni.

B 3aBucMMOCTM OT Knacca WCMNonb3yemMoro OTnajyuka, pasnuyHble CUMYNSATOPbl MOryT noaaepXmBaTb
BbICOKOYPOBHEBYIO CMMBOJIbHYIO OTIagKy Nporpamm.

HekoTopble Mogenn cUMynaTopoB MOryT codepXaTb psg OOMONHUTENbHbLIX NPOrPaMMHbIX CPEeACTB, TaKuXx,
HanpuMmep, Kak: UHTepdEeNnc BHELLHEN cpeabl, BCTPOEHHY MHTErNPMPOBAHHYLO cpeay pa3paboTku.

B peanbHOW cuctemMe MUKPOKOHTposuiep OObIMHO 3aHMMaeTCs  CUYUTbIBAaHMEM  MHGOpMauuMn C
NOAKMOYEHHBIX BHELUHUX YCTPOWCTB (daTymMkoB), 0OpaboOTKOM 3TOM MHGOPMaUUM W Bblgaden yrnpaBnsaoLwmx
BO3AENCTBUIN Ha MUCMOSNHUTESbHbLIE YCTPOWCTBA. YTOOLI B crmynaTope He obrnagarolieM MHTepdencomM BHELUHEN
cpeabl cMoaenupoBaTth paboTy AaTumka, HYXKHO BPYYHYIO U3MEHSATb TeKyllee COCTOSHME MoAenu nepudepuinHoro
YCTPOWCTBA, K KOTOPOMY B pearibHOW cucTeme noaknodeH gatyvk. Ecnuv, Hanpumep, npy npueme 6arita yepes
nocrieqoBaTenbHbIA NOPT B3BOAUTCHA HEKOTOPLIN (prnaxok, a cam Gant nonagaeT B OonpedeneHHbI perncTp, To
06a 3T OEeNCTBUS HYXXHO NPOM3BOAUTL B TaKOM CUMYNATOpe BPYyYHyo. Hannuune xxe nHtepdperica BHelLIHeN cpeapl
no3BosnsieT Mofb3oBaTento co3gaBaTb M MOKO MCNONb3oBaTb MOAErNb BHELLUHEN cpefbl MUKPOKOHTpOMepa,
YHKUMOHMPYIOLLYIO U B3aUMOAENCTBYHOLLYHO C OTNaXXMBaeMoKn NporpaMmon no 3agaHHoOMY anroputmy.

OuyeBugHON OCOBEHHOCTLIO MPOrPaMMHBIX CUMYMSTOPOB SBMSIETCS TO ODCTOATENbCTBO, YTO MCMOSIHEHUE
nporpamMmmM, 3arpykeHHbIX B CUMYNSITOpP, MPOMCXoAWUT B MacliTabe BpeMeHu, OTNMYHOM OT pearnbHoro. OgHako,
HM3Kasi LeHa, BO3MOXHOCTb BeEeHWs OTragkv Jaxe B YCIOBUSAX OTCYTCTBMS MakeTa OTNaXvBaemoro yCTponcTea
JenalT nporpaMmHble CUMYNATOpPbl BecbMa 3(deKTMBHbIM CpeacTBoM oOTnagkn. OTaenbHO HeobGxooumo
NMOAYEPKHYTb, YTO CYLLECTBYET LEeNbli Kracc owmboK, KOTopble MOryT ObiTb OBHapyXeHbl TOMbKO NPV MOMOLLM
cumynaTopa.
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8.6.MnaTtblI pa3BuTUA.

MnaTtel pasBUTMSA, UK Kak MPUHSATO MX HasbiBaTb B 3apybexHON nuTepaType - OLEHOYHble nnaThbl
(Evaluation Boards), siBnsitoTcsi cBO€OOpa3HbiMM KOHCTPYKTOpaMu Ansi MakeTUPOBaHWS MpUKNagHbix cuctem.B
nocnegHee Bpems, MpU BbIMyCKe HOBOW MOAENM KpucTanna MWUKPOKOHTposnnepa, dvpMa-nponssBoamTenb
obsa3aTenbHO BbiMyCKaeT U COOTBETCTBYIOLLYIO nnaTy pas3Butusa. OBbIYHO 3TO NeyaTHas nnaTta ¢ YyCTaHOBIEHHbIM
Ha Hel MUKPOKOHTPOMMNEpOM, MNMC BCA HeobxoauMmass eMy cTaHfapTHas o00BsA3ka. Ha atom nnate Takke
YCTaHaBMUBAKOT CXEMbl CBSA3W C BHELUHMM KOoMMbioTepoM. Kak mpaBuno, Tam xe umeetca csobogHoe none Ans
MOHTaXa npuKragHbIX Cxem nonb3oBaTend. WHorga wmeeTca yxke roTtoBas pasBodka Ans YCTaHOBKM
OOMNOMHUTENBHBIX YCTPONCTB, pekomeHayembix pupmon. Hanpumep, MN3Y, O3Y, XXKU-gucnnen, knasunatypa, AL
n ap. Kpome y4yebHbiX mnu MakeTHbIX Uenen, TakMe aopaboTaHHble Mornb3oBaTenem nraTbl CTano BbIFOAHO
(3KOHOMKSA BpEMEHM) MCMonb3oBaTh B Ka4eCcTBe OAHOMMATHbIX KOHTPOMNEPOB, BCTPauBaeMbIX B Maro CepuiHyo
npoaykumto (5..20 wr.).

Ons Gonbwero ygobctea, nnatbl PasBUTUSA KOMMIEKTYIOTCS elle M NPOCTENUM CpeacTBOM OTNafku Ha
6a3e moHuTOpa oTnagkM. OpHako, 34eCb MPOSIBUMNMCHL [Ba pasHbiX noaxoda: OOWH UCMOMb3yeTcs  Ansi
MUWKPOKOHTPOJIIIEPOB, MMEILLMX BHELLHIOW LUMHY, @ BTOPOW - ANt MUKPOKOHTPOJNIEPOB, HE MMEILLMX BHELUHEN
LUVHBI.

B nepBom cnyyae OTnagouvHbIN MOHWUTOP MocTaBnsieTcs upmon B Buae Mukpocxembl [13Y, koTopas
BCTaBMsieTCA B creuuanbHyld po3eTky Ha nnate passutuda. [nata Takke umeetr O3Y ana nporpamm
Nnonb3oBaTens U KaHan CBA3W C BHELLUHUMM KOMMbIOTEPOM UMM TepMuHanom. [pumepom 34ecb MOXET CRyXUTb
nnarta passutusa pupmel Intel ona mukpokoHTponnepa 8051.

Bo BTOpom cnyyae, nnata pasBUTUSE UMEET BCTPOEHHbIE CXEMbl NPOrpaMMMpoBaHUs BHyTpeHHero [13Y
MUWKPOKOHTPOIIEpa, KOTOPbIE YNPaBMsAOTCA OT BHELIHEro KommnbloTepa. B aTtom cnydae, nporpamma MoHuTOpa
npocTto 3aHocutcs B MN3Y MUKPOKOHTponepa COBMECTHO C MpuKIagHbiMU kogamu nonb3oBatens. [NpuknagHas
nporpaMma npyv 3TOM cheumanbHO OOfkHa ObiTb MOArOTOBMEHA: B HyXHble €e MecTa BCTaBNSAT BbI30Bbl
OTNafAoYHbIX MoAMnporpaMMm MoHuTopa. 3aTeM OCYLLEeCTBNsieTCA MPOOHbIA NPOroH. YTobbl BHECTM B MporpamMmy
ucnpaeneHus, nonb3oBatento Hago ctepetb M3Y u NpousBecT MOBTOPHYK 3anucb. [OTOBYD NpUKNagHylo
nporpaMmy MnosfyyarT U3 OTMaKEHHOW NyTeM yaaneHus BCeX BbI3OBOB MOHWUTOPHBLIX PyHKLUMI U camoro MoHuTopa
oTnagku.

BaxxHO OTMETUTb, YTO, MMKC K MOHUTOPY, UHOrAA nnaTbl PasBUTUS KOMMMEKTYIOTCA elle U nporpammMamu
OTnagKku, KOTopble 3anyCKalTCs Ha BHELLUHEM KOMMbIOTEPE B CBA3KE C MOHUTOPOM. JTU NporpamMmbl B nocriegHee
BpeMSl 3aMETHO YCMOXHUITMCb U 3a4acTyid UMEKT BbICOKO-NpodeccuoHanbHbii Habop OTNagouHbIX (OYHKLIMNA,
HanpuMmep, OTNadyYUK-CUMYMSATOP MMM pasfuyHble 3NeMEeHTbl, MpUCYyLLMe B YUCTOM BUAE MWHTErpMpoBaHHbLIM
cpenam paspabotku. B coctaB noctaBnsieMbIX KOMMNEKTOB MOryT BXOAMTb M NporpamMMbl NpUKNagHoOro xapakrepa,
Hamboree YacTo BCTpeYaloLLmMecs Ha NpakTyuKe.

Bo3mMOXHOCTU MO oTnagke, NpeaocTaBrsieMble KOMMMEKTOM "nnaTta pasButust Ntoc MOHUTOPR", 6e3ycrnoBHO,
He CTONb YHMBEpCarbHbl, KaKk BO3MOXHOCTW BHYTPUCXEMHOIO 3MyNATOopa, Aa W HekoTopas 4acTb PecypcoB
MUKporpoueccopa B npouecce OTnagkm otbupaetcs ans paboTel MOHMTOpa. Tem He MeHee, Hanumudve
3aKOH4YeHHOro Habopa roToBbIX MPOrpaMMHO-annapaTHbIX CPeACTB, MO3BONswWMX 6e3 notepu BpeMeHu
NPUCTYNUTb K MOHTaXy M OTnagke MpPUKNagHOW CUCTEMbl, BO MHOMMX CryyasiX SIBNSAETCA peluarwnm ¢akTopoM.
OcobeHHO ecnu y4ecTb, 4YTO CTOMMOCTb TakOro KOMMMEKTa HECKONbKO MeHbLle, 4YeM CToMMocTb 6Gonee
YHMBEpPCanNbHOro aMynsitopa.

8.7.0Tnapoy4Hble MOHUTOPbI.
8.7.1.MpuHUMN paboThl.

OTnagoyYHbIi MOHMTOP - crneuuanbHasi MporpaMmma, 3arpyxaemMas B NaMsATb OTNaXuBaemoMu
cucteMmbl. OHa BbIHY)XOaeT npoLeccop nonb3oBaTens MNpPousBOAUTb, KpoMe MpUKNagHoW 3agayn, elle u
oTnaAoYHble hyHKLIMM:

3arpysky npuknagHbix KOAOB NONb30BaTeNs B CBOOOAHYO OT MOHMTOpA NamMsTh;
YCcTaHOBKY TO4EK OCTaHOBa;

3anyck 1 0OCTaHOB 3arpy>KeHHOI NporpaMMbl B pearibHOM BPEMEHU;

Mpoxon nporpammbl NOMNBL30BATENS MO LWaram (4acTb OYHKLMA TPACCUPOBLLMKA);
MpocmoTp, pegakTnpoBaHne coaepXMMoro namsaT 1 ynpaBnsaoLLmnX permcTpos.

I'Iporpamma MOHUTOPAa oba3aTenbHO OomKHa pa6OTaTb B CBA3KE C BHELUHMM KOMIMbTEPOM UIMN NacCUBHbIM
TePMUHAINOM, Ha KOTOPbIX U NPOUCXOAUT BU3yanus3auna M ynpaslieHne npoueccomMm OTnanku. nOBTOpI/IM, 4yToO
OoTnago4Hbleé MOHUTOPbI UCNOJIb3YHOT TOT NPOLECCOp, KOTOprVI y>Ke CTOUT Ha nnaTte norib3oBaTtens.

8.7.2.[locTOMHCTBa U HEQOCTaTKN OTNAafO4YHbIX MOHUTOPOB.

[loCTOMHCTBOM 3TOrO Moaxoda SBASTCA OYeHb Marble 3aTpaTbl NMPW COXPaHEeHWU BO3MOXHOCTM BECTU
OTnaaky B pearibHOM BpeMeHM!.
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NaBHbLIM HEOOCTaTKOM SIBNSETCS OTBIIEYEHME PECYPCOB MMKPOKOHTPOMNEpa Ha OTNnadoyHble U CBA3Hble
npouenypbl, HaNnpPMMepP: MOHUTOP 3aHUMAET HEKOTOPbLI 0ObEM NaMsTH, NPepbiBaHWS, NOcrnefoBaTeNbHbIN KaHar.
O06bem OTBMNEKAEMbIX PECYPCOB 3aBUCUT OT UCKYCCTBa paspaboTunka MoHMTopa. B nocneaHee BpemMsi NosiBUNUCH
N3Lenus, KoTopble NPaKTUYECKM HE 3aHUMatOT annapaTHbIX PECYPCOB NpoLEeccopa, O HUX pacckasaHo B pasgene
amynaTopsbl M13Y.

Kak npaBuno kaxgass dupma-paspaboTumMk cemMencTBa MUKPOKOHTpornepoB wunu LIMOC BbinyckaeT u
BapuaHT OTNaJo4YHOr0o MOHMTOPA, OH 0BLIYHO NOCTaBMSETCA BMECTE C MiiatamMmun pasBuTUs.

8.8.9mynsaTopbi M3Y.

OmynaTtop M3Y - nporpamMMHO annapaTtHoe CpPeacTBO, nossonswllee 3amellats [13Y Ha oTnaxusaemon
nnarte, u nogcraensowee BMecto Hero O3Y, B kOTOpoe MOXeT ObITb 3arpy)keHa nporpamMmma c KoMnbloTepa Yyepes
OOWH M3 CTaHOAPTHbIX KaHaroB CBA3W. OTO YCTPOWCTBO MO3BONSET MONb3OBaTeNto M3bexarb MHOrOKpaTHbIX
LMKNoB nepenporpammupoBanus MNM3Y. dmynatop MNM3Y umeeT cMbICN TONBKO ANst MMKPOKOHTPOINEPOB, KOTOPbLIE B
COCTOSIHMUN 0BpaLlaTbCs K BHELIHEN NaMsaTn NporpaMmM. OTO YCTPOMCTBO CPaBHMMO MO CHIOXHOCTU M MO CTOMMOCTU
¢ nnatamm pas3eutus. OHO umeeT oAHO OonblIOEe AOCTOMHCTBO: YHMBEpPCanbHOCTb. OmynaTtop [3Y moxer
paboTtaTb C NOOLIMU TMAaMM MUKPOKOHTPOJIIEPOB.

PaHHue amynsaTtopbl M3Y no3sonsinum TOMbKO 3arpyxaTb MporpamMmy, 3anyckaTb €e M OCTaHaBMnMBaThb,
ucnonb3ysa obwimn cbpoc. 3atemM MOSIBUNUCL YCMNOXHEHHbIE MOAEenn C annapaTHOW BbIpabOTKOM CUrHanoB
TPacCMPOBKM MO AOCTWKEHUM ONpedeneHHoro agpeca Ha ocuunnorpad. AMynupyemas namsatb B TakUX U3OENNsIX
Oblna gocTynHa Aanst NpocMoTpa U MoandUKaLmumM, HO OYEHb BaXKHbIA KOHTPOSb 32 BHYTPEHHUMMU YNpaBnsoLLMMU
permcTpamy MMKpOKOHTporepa Obin o HeJaBHErO BPEMEHN HEBO3MOXKEH.

OpHako MosIBUNUCL MOZENW UHTENNeKTyanbHbix amynsTopoB [M3Y, KoTopble MO3BONSANT «3arnsgbiBaTby
BHYTPb MMWKPOKOHTPOMEepa Ha nnarte nonb3oBaTtens 1 BooOLle, MO ynpaBfeHWo OTNaaKoW, CTanu NMoXoXMMu Ha
BHYTpPUCXEMHbIA amynsiTop. Pupma Cactus gake npenctaBnseT CBOM (PaKTUYECKN UHTENSEKTyalnbHbIN SMyNATop
M3Y, Kak BHYTPUCXEMHbIN 3MYNATOP psAa MUKPOMPOLECCOPOB, HACTOMNBKO HEBO3MOXHO OTMAMYUTL paboTy C TeM U
apyrum. B gencTBuTenbHOCTM, MpoLEeccop 30eCb He 3aMeLlaeTcd, a MCMoNb3yeTcsl TOT, YTO CTOMT Ha nnaTe
nonb3oBaTens.

MHTennekTyaneHble amynaTopbl [M3Y npeacrtaBnstoT cobon mmbpug m3 obblyHOro amynstopa [13Y,
MOHWTOPA OTNaAKN U CXeM ObICTPOro MEPEKIHOYEHNS LUNHLI C OOHOTO Ha Apyron. OTuM co3gaeTcsa addekT, Kak
ecnn Obl MOHWTOP OTNagku Obl yCTaHOBMEH Ha nnaTe nofb3oBaTenss M Mpu 3TOM OH He 3aHMMaeT Y
MUWKPOKOHTPOIIEpPa HMKaKMX annapaTHbIX PecypcoB, KpoMe HeOOonbLUOW 30HbI MPOrpamMMHbIX LLaroB, MPUMEPHO
4K. Hanpumep, Takoe YCTpOWCTBO paspabotana dupma «DUTOH» AN BCeX CYLIECTBYOLWUX U ByayLumx
MUWKPOKOHTPOMINEPOB, KoTopble uMMewT sapo oT 8051, HO [OMNOMHUTENbHO HACbLIWEHHbI  Pa3NUYHBIMU
yCTpOMCTBaMKN BBOAA\BbIBOAA. ATO YCTPOWCTBO MOAAEPKMBAET MHOXECTBO CaMbIX Pa3HbIX MUKPOKOHTPOSEPOB
dupwm Philips, Siemens, OKI.

8.9.TunuyHble PyHKLMOHaNbHbLIE MOAYIN CPEACTB pa3pabdboTKM U OTnagKu.

JTioboe un3 nepeynucneHHbIX WHCTPYMEHTamnbHbIX CPEeACTB COCTOUT M3 HECKONbKUX B3aMMOAEMNCTBYHOLLMX
(nporpammMHbIX NGO annapaTtHbiX) yHKUMOHaNbHbIX Moaynen. Kaxabii ns Hux obecneumBaeT onpenerneHHbIn
Kpyr cepBUCHbIX yCcnyr npu pa3paboTke 1 oTnagke nporpamm. Hekotopble 13 moaynen cneundnyHbl Ans TOro unu
WHOro TMNa MHCTPYMEHTAaNbHbIX CPEACTB pa3paboTku, ApyrMe UCMOMb3YTCA BO MPaKTUYECKN BO BCEX BapuaHTax
cucTem paspaboTky NporpamMm Arisi MUKPOKOHTPOMMEPOB.

Kak MMH1MyMm, cnctema pa3paboTkm cogepxuT crnegyrowime PyHKUMOHanbHble 6roku

OTnaguuk;

Y3en amynsumMm MUKPOKOHTPOIepa;
OMynSUMOHHasn NamMaTh;
Moacuctema Tovek ocTaHoBa.

Bonee npoABUHYTbIE MOAENN MOrYT coepXKaTb AOMNOJTHUTENbHO!

Mpoueccop To4ek OCTaHoBa;

TpaccrpoBLUK;

MpodunupoBLuk (aHann3aTop 3PEPEKTUBHOCTM NPOrPaMMHOro Koaa);

Tarimep peanbHOro BpeMeHy;

lMporpammHo-annapaTHble cpeacTBa, obecneynBaloLLMe BO3MOXHOCTb YTEHUS U MoandUKauum pecypcos

3MynMpyemMoro mnpoueccopa «Ha neTy», T.e. B MNpoOUecce BbINOMHEHUS MporpaMMbl MOMb30BaTeENs B

peansHOM BpeMEHWU;

e [lporpammHo-annapaTHble CpeacTBa, obecrneuvvBalolMe CUHXPOHHOE YrpaBneHue, Heobxoaumoe Ans
3MYNSAUMN B MYTbTUNPOLLECCOPHBIX CUCTEMAX;

e UVHTerpupoBaHHyto cpeay pa3paboTku.
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8.10.0Tnaguumk.

OTtnaguuk saensieTcs cBoeobpasHbIM MOCTOM MexXay pa3paboTyMKOM U OTnagoyvHbiM cpeacTBoM. CocTaB u
o6bem MHpopMaLuK, NPOXOoAsLLEN Yepe3 CPeAcTBa BBOAA-BbIBOAA, OOCTYMNHOCTL €€ Arsi BOCTIPUSITUS, KOHTPOXS,
1, Npy He06XOAMMOCTK, ANA KOPPEKUMM U MOAUMDMKALIMM HAMPSMYHO 3aBUCAT OT CBOMCTB M KayecTBa oTnagyvka.

XOpoLuunin 0Tnag4uuK No3BonsieT OCyLLECTBNATD!

e  3arpysky oTrnaxvBaemol nporpammMbl B MaMsiTb CUCTEMBI;

e BbiBOO Ha MOHUTOP COCTOSIHUA M COOEPXKUMOrO BCEX PErMCTPOB U MamATU, U Npu HEOOXo4MMOCTU, WX
Moandmkaumio;

e YnpaBneHue npoLeccoM 3MynALmnn.

Bonee MollHble OoTnagqMkn, obblMHO UX HasbiBatoT BblCcOKOypoBHeBbIMK (High-Level Debuggers), nomumo
3TOro, NO3BONSAIOT:

e BecTn cumBOnbHylO OTnagky, OGnarogapa Tomy, 4YTO OTnagyuMk "3HaeT" agpeca BCEX CUMBOMbHbIX
nepemMeHHbIX, MacCMBOB N CTPYKTYP (3a CYET UCMONb30BaHWs crneumanbHon uHgpopmMaumm, noctaBngaemom
komnunsitopom). pu 3TOM nonb3oBaTenb MOXET ornepupoBaTb Oonee npueMnembiMn Ansl YernoBeka
CUMBOJbHBIMU UMEHaMK, He YyTpyxaasa cebsa 3anoMuHaHNeM Nx agpecos;

e KoOHTponupoBaTb M aHanuaupoBaTb HE TONIbKO OUCACCEMOSIMPOBAHHLIA TEKCT, HO U WUCXOOHbIA TEKCT
nporpamMmbl, HaNMCaHHOW Ha A3blKe BbICOKOrO YPOBHS, U Aaxe C COBCTBEHHbIMN KOMMEHTapUAMM.

Takon oTnagymnk NO3BONSAET MOSb30BaTEN0 OOHOBPEMEHHO KOHTPONIMPOBATb XO[, BbIMOSTHEHUS MPOrpamMmmbl
N BUOETb COOTBETCTBME MEXAY UCXOAHLIM TEKCTOM, 06pa3om nNporpaMmmMbl B MaLLMHHBIX KOAaX, U COCTOSIHUEM BCEX
pecypcoB 3MynMpyeMOro MUKPOKOHTpOrepa.

CnenyeT OTMeTUTb, YTO BbICOKOYPOBHEBbLIM OTNag4vMKk obecrneynmBaeT BbINOMHEHWE BCEX CBOWUX (DYHKLUN
TOMbKO B TOM Criyyae, €Cnu UCNONb3yeTCs KPOCC-KOMMUMATOP, MOCTaBMSIOWNA MOMHYI U NpaBuIbHYIO
OTNagouvHyl0 WHpoOpMaLMio (He BCe KOMMUMSATOPbl, OCOBEHHO WX MMpaTCKUe Bepcun, MNOCTaBMSKT Takyto
WHpopMaumio) n npu atoMm opmaT ee npeacTaBneHnst 4OMMKeEH ObiTb "3HakoM" OTNaaumKy.

8.11.Y3en amynsauum MMKPOKOHTpoOssiepa.

Y3en aMynsiuMm MMKpOKOHTPOSNepa - MoAyrb, NO3BONSAOLMIA MOAEeNMPOBaTe MUKPOKOHTPOSED.

[aHHbI 610K HEOOXOAUM B CUCTEMaX pa3paboTki Ha OCHOBE BHYTPUCXEMHBIX AMYNATOPOB U CUMYIISITOPOB,
B ApYrux BapvaHTax CpefcTB paspaboTkM B cUCTEMaXx NPUCYTCTBYET pearbHblii MUKPOKOHTPOMMEp U, No3TOMY ero
SMYNAUNA HE HYXKHa.

Kak npaeumno, npy amMynsuumy MUKPOKOHTpOMepa npeaycmaTpuBaeTcsl BO3MOXHOCTb 3anycka nporpamm, ux
OCTaHOBa M BbINOMHEHNA C PasfNMYHOM CKOPOCTbI, B TOM 4YMCIEe M B MOLUAroBOM pexume. Takke OBGbIYHOM
ABNAETCA (YHKUMS MPOCMOTPA W M3MEHEHUE COOEePXMMOTO BHYTPEHHUX PErMcTPOB MUKPOKOHTpoONnepa W
COCTOSIHVS1 €70 BHELLHWX BbIBOAOB.

8.12.9MynsiuMoOHHaA NnamMATb.

Hannuve amynsauuoHHon namaT gaeT BO3MOXHOCTb MCMOMb30BaTh ee B npolecce otnaaku smecto N3Y B
oTnaxuBaemoln cucteme, n 6onee Toro, oTnaxmeaTb Nporpammy 6e3 UCNONb30BaHUA pearibHOW CUCTEMbI UMK ee
mMakeTa. Mpn HeOBXOOUMOCTU BHECEHUSA U3MEHEHUI B OTMNaXMBaeMyl NporpamMmmy AOCTATOMHO 3arpy3vTb HOBYHO
unu  MoaUMUUMPOBaAHHYID  nporpaMMy B NamATb  3MynsTopa, BMECTO Toro 4tobbl  3aHMMAaTbCS
nepenporpammupoBaHuem M3Y.

CyLiecTBylOT MOOENW 3SMyNATOPOB, KOTOPbIE MO3BOSIAT MONb30BaTENO «NoAcTaBnATby BMecto [13Y
3MYNSALUMOHHYIO NaMATb HE TOMbKO LIENTUKOM, HO M NOBMOYHO (B HEKOTOPbLIX MOAENSX MUHUMAanbHbIA pa3mep brnoka
MOXeT gocTuratb ogHoro Gavita), B nopsgke, onpederneHHOM nonb3oBateneM. [nd aToro nonb3oBaTternto
JOCTaToO4YHO 3adaTb pacnpegeneHne naMaTy AaHHbIX U NaMsTU NporpamMm, B COOTBETCTBUM C KOTOPbIM MPOLECCOP
OymeT nonyyatb JOCTyn M k cogepxmmomy [M3Y B oTnaxvBaemon CUCTEME, U K COAEPKMMOMY 3MYMSILIMOHHOM
NamsT1 BHYTPUCXEMHOTO aMynsTopa. Takas naMaTe 06bIYHO Ha3bIBAETCH NAMSATBIO C BO3SMOXXHOCTBHO MAMMUHIA.

8.13.Moacucrtema Touyek ocraHoBa.

Mogcuctema Toyek ocTtaHoBa - Habop cpedcTs, YNpaBnsOWMIA NPOLECCOM BbINOMHEHNUS nporpaMmbl. OH
no3BonsieT OCTaHaBNMBaTb BbIMOMHAEMYIO B peanbHOM (Mnv NpubnvXeHHOM K peanbHOMY) Maclitabe BpemeHu
nporpamMmy, npu BbINMOSIHEHMM KOMaHAbI, pa3MeLLEHHON MO 3adaHHOMY agpecy. YacTHbin criydan paboTbl CUCTEMBI
TOYEeK OCTaHoOBa - MolwlaroBoe BbiNonHeHve. [pyrue, 4acTto ucnonb3yemble cryyau, - OCTaHOB NPV NMpoBeAEeHUN
onepauui BBoga-BblBoAa.

B TOM vnu vHOM BuAe OaHHbIM MOAYMb MPUCYTCTBYET Kak B CUCTEMax C aMynsuven unm cumynsaumen
MUKPOKOHTpOMMepa, Tak U B CMCTEMaXxX C pearbHbiM MUKPOKOHTponnepomMm. B nocrnegHem crniyyae npu AOCTUXEHUU
TOYKM OCTaHOBa MWKPOKOHTPOMMEp OCTaHaBnuMBaeTCa unu (M) NepeBOAMTCS Ha BbINOMHEHVE cneunansHon
MOHUTOPVHIOBOW MporpamMMbl, MpUM MOMOLLM KOTOPOA MOXHO 3aduUKCUpoBaTb WUNN  U3MEHUTb COCTOSIHWE
MUKPOKOHTpOMepa nepes nocneayoLmmMm CTapToM.
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Bonee paSBMTbIﬁ Ha6op CepBUCHbIX d)yHKLl,I/IIZ aHarnorM4Horo HasHadeHuna umMeeT npoueccop ToYeK
OCTaHOBa.

8.14.lNMpoueccop ToUYeKk ocTaHOBa.

ﬂpoueccop TOYEeK OCTaHOBa MO3BOJIAET OCTaHaBIIMBATb BbIMNOJIHEHME MporpamMmmbl UM BbINOJTHATL WHbIE
OencTeus, HanpumMep, 3anyckatb U oCTaHaBIMBaTb TPACCUPOBLUMK MPU BbINONMHEHUN 3a4aHHbIX MONb30OBaTENIEM
yCJ'IOBI/IIZ. B otnuume oT MexaHu3Ma OObIYHbIX TOYEK OCTaHOBA, npoueccop TO4YeK OCTaHOBa Mo3BONAeT
d)OpMI/IpOBaTb N OTCneXunBaTb YCIoBUA MPaKTUYECKU nobon CTEMEHU CIOXHOCTU, U npu 3TOM 3mynl4pyeMbu71
npouecc He BbIBOOUTCA U3 MacLiTaba peanbHOro BpemMmeHu.

8.15.TpaccupoBLUMK.

B cywHoCTH, TpacCUpOBLUUK NpeacTaBnseT cOOOM JTIOMMYEeCKUin aHanms3aTop, paboTaloLlMiA CUHXPOHHO C
NpOLECCOPOM M (PUKCUPYHOLLMIA MOTOK BbIMOSTHAEMbIX MHCTPYKLUMIA U COCTOSIHUS BbIOPaHHbIX BHELUHMX CUrHAaIoB.
CyLLeCcTBYIOT MOOENU BHYTPUCXEMHbIX 3MYMNHATOPOB, KOTOPblE MO3BOMSIOT TpacCcUpoBaTb HE TOMbKO BHELLHWE
CUrHarbl, HO U COCTOSIHUSA BHYTPEHHUX PECypCOB MUKPOKOHTPOMNEpa, Hanpumep, peructpoB. Takve SMynsiTopbl
NCNONb3YIOT crneynanbHble BEPCUM MUKPOKOHTPOMNNEPOB (3MYMALMOHHbBIE KpUCTanmnbl).

8.16.MpodhnnupoBLuuUK .

MpodunupoBWUK (MHaye aHanusatop 3PGEKTUBHOCTM MPOrPamMMHOrO Koda) MO3BONSAET MOfy4nuTb Mo
pesynbTaTam NPoroHa OTNaXmnsaemor NporpaMmbl CriegytoLLyo MHOpMaLuIo:

e KonuuecTBo 06pallieHuii K pasnmyHbiM y4acTkaM nporpammbi;
e Bpewms, 3aTpayeHHOe Ha BbIMOSIHEHME Pa3INYHbIX Y4aCTKOB MPOrpaMmbl.

AHanua crtatuctmyeckon uHdopmauuun, noctaeBnsemMon npouIMPOBLLMKOM, MO3BONSAET JIerko BbIABMASATb
"MepTBbIe" WM nepeHanpsbkeHHble y4acTKM nporpaMMm, W B pesynbTate OnTUMU3MPOBaTb  CTPYKTYPY
OTnaXxmBaemou NporpaMmel.

8.17.UHTerpupoBaHHasn cpena pa3paboTKu.

WHTerpmvpoBaHHasn cpefa pas3paboTky - 3TO COBOKYMHOCTb NMPOrpaMMHbIX CPeacTB, NMOAAepXuBatollas Bce
aTanbl pa3paboTku NporpaMMHOro obecrneyeHnss OT HanMcaHUs UCXOOHOrO TEKCTa NporpaMMbl 4O ee KOMMAUMSALMN
n otnagku, u obecneuynBaolwas npocToe M ObICTpoe B3aMMOAENCTBME C OPYIMMU  MHCTPYMEHTarbHbIMU
cpeacTBaMu  (NPOrpamMMHbIM - OTNaAYMKOM-CUMYNISITOPOM, BHYTPUCXEMHBIM  3MYNSATOPOM, amynsTopom [M3Y u
nporpaMmMaTopom).

CTtporo roBopsi, UHTErPMPOBaHHLIE cpedbl pa3paboTKkM He OTHOCATCHA K YWCIY CPEACTB OTMafKkW, TEM He
MeHee 0OOMTU BHUMAHMEM [OaHHbIA KNacc MporpaMMHbIX CPEACTB, CYLLECTBEHHO obGneryawwmin n yCKopsitoLLmMM
npouecc pa3paboTku 1 O0TNaAKN MUKPOMPOLLECCOPHbIX CUCTEM ObINo Bbl HEMPaBUIBHO.

Mpun TpaguuMOHHOM Noaxoae, HavarnbHbIA 3Tan HanucaHus NPorpamMMbl CTPOUTCS CrieayroLwmM obpasom:

1. WcxopgHbii TeKCT HabupaeTcsa npy MOMOLUUM Kakoro-nmbo TeKCToBOro pedaktopa. Mo 3aBeplueHnn Habopa,
paboTa C TEKCTOBLIM peJakToOpoM MpekpallaeTcs U 3anyckaeTcs kpocc komnunsaTop. Kak npasuno, BHOBb
HanucaHHas NporpaMMma COAEPXUT CUHTaKCUYECKUE OLUMOKU, U KOMMNUMSTOP COOOLLAET O HUX Ha KOHCOSb
onepartopa.

2. BHOBb 3anyckaeTcs TEKCTOBbIA peaakTop, U onepaTtop AOJPKEH HAaWTU U YCTPaHWUTL BbISIBIIEHHbIE OLLUMOKN,
npu 3TOM COOGLLEHNS O XapaKTepe OLMOOK BbIBEAEHHbIE KOMMUIATOPOM Y€ HE BWAHbI, TaK Kak 3KpaH
3aHAT TEKCTOBLIM PEAAKTOPOM.

W 3TOT LMK MOXET NMOBTOPATLCA HE OAMH pa3. Ecnv nporpamma nmeeT Gonblio 06bemM, cobmpaeTcs u3
pasnuyHbIX 4YacTel, W MNOABEPraeTcsi ANUTENbHOMY PedaKTMPOBAHWK WIU MOZEepHM3auuu, TO Oaxe 3TOT
HavarnbHbIA 3Tan MOXeT noTpeboBaTb MHOrO CUN 1 BpeMeHW. [ocne SToro HacTynaeT aTan OTNagkyM NporpaMmbl U
K pedaktopy C KOMMAMASTOPOM [[o06aBnsieTcs SMyNsiTop UM CUMynsSTop, 3a paboTol KOTOporo XoTenoch Obl
cneauTb NPSIMO MO TEKCTY NPOrpamMmbl B TEKCTOBOM peaKkTope.

M3bexaTb Oomblworo obbemMa OAHOOOpa3HbIX OENCTBUA W TEM CambiM  CYLLECTBEHHO MOBbICUTH
3(pPEKTUBHOCTb MpoLecca pas3paboTkM M OTMNagkM MO3BONSAT T.H. MHTErpMpoBaHHble cpedbl (060no4KkM)
pa3paboTku (Integrated Development Environment, IDE).

PaboTa B UHTErpnpoBaHHOM cpefe AaeT NPorpamMmMuUcTy:

e BO3MOXHOCTb MCMOSIb30BAHUS BCTPOEHHOrO MHOrO(haiifioBOro TEKCTOBOTO pedakTopa, CcheuuanbHO
OPMWEHTMPOBAHHOIO Ha PaboTy C UCXOAHBLIMM TEKCTaMU NPOrpaMm;

e [MarHocTMKa BbIABNEHHbLIX MPY KOMNWMSAUMMA OLIMBOK, W WCXOOHbIA TEeKCT nporpaMmbl, OOCTYMHbIA
penakTMpoBaHWIo, BbIBOAATCS OAHOBPEMEHHO B MHOTOOKOHHOM PEXUME;
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e BO3MOXHOCTb OpraHusaumMmM U BeAeHUs1 napannenbHon paboTbl Had HECKONbKUMKM NpoekTamu. MeHemkep
MPOEKTOB MO3BOSISIET UCMOSb30BaTh N0GOM NPOeKT B KayecTBe LWabnoHa Ansi BHOBb CO3JaBaeMoro
NpoeKTa;

o [epekoMNUNSLUMN NOOBEPralOTCA TONbKO PeAaKTMPOBaBLUMECS MOOYNN;

e Bo3MOXHOCTb 3arpysku oTrnakvpaemoW nporpamMmbl B UMEOLLMECS] CPEACTBA OTNaaku, U paboTbl C HUMM
0e3 BbIxoaa 13 060no4KY;

e B0O3MOXHOCTb NOAKMOYEHMS K 0D0SI0YKE NpaKTUYECKM MoObIX NPOrpaMMHbIX CpeacTB.

B nocnegHee Bpemsi, YHKUMWU WHTErPUPOBAHHLIX Ccpef pa3paboTku CTAHOBATCS  CTaHOApPTHOW
NPUHaONEXHOCTHLI0 NPOrPaMMHbIX MHTEPKENCOB 3MYNATOPOB M OTNAAYMKOB-CUMYTSITOPOB.

MogobHble dyHKUMOHANbHbIE BO3MOXHOCTW, B COMETAHUN C OPYKECTBEHHBIM UHTEP(ENCOM, B COCTOSIHUN
CYLLECTBEHHO YBEMWUYUTL CKOPOCTb Pa3paboTky nporpamMm Ansi MUKPOKOHTPOSINIEPOB M MPOLIECCOPOB LIMGpPOBOIA
06paboTKM curHarnos.
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9.lMporpammMHble cpeacTBa AN MUKPOKOHTponnepoB cemenctesa MCS-51.

Iunsaccembnepsbl gns MCS-51

WHTerpupoBaHHas otnagoydHas cpega ProView ans mukpokoHTponnepos cemernictea MCS-51, 251, XA
WHTerpupoBaHHas otrnagoyvHas cpega mVision2

MHTerpupoBaHHasi oTragoyvHas cpega ans ADuC812

KomMnunatopsl ¢ sA3blka accemMbnep ans MMKPOKOHTposiepoB cemenctea MCS-51

Bubnuvoteka ang paboTsbl ¢ Yicnamu ¢ nnasatoLlen 3andron (2,5 Kb)

9.1.lusaccembnepnl MCS-51.

[nsaccembnep npegHasHaveH ansg npeobpas3oBaHMs UCMOMHAEMOro Koga MUKPOKOHTponnepos MCS-51
B TEKCT NporpamMmbl Ha s3blke acceMbnepa.
dopmaTbl BXogHbIX gaHHbix: HEX, OBJ, BIN.
PaboTa npon3BoauTCs C MOMOLLBIO CUCTEMBI MEHHO.
MopaepxmBatoTcs Npoueccopsl:

8051/8031
8052/8032
80512/80532
80(C)515/80(C)535
80C517/80C537
80C515A/80C535A
80C517A/80C537A
8035/8048/8041
z80

a TaKke Ux moamdurKalmu.

o [Ousaccembnep ana MCS-51 (32 Kb)
e [Ousaccembnep ons 8051/8052, z80, 8035/8048/8041 ¢ ucxogHukamu (266Kb)
e [Ousaccembnep INTEL 8051 (24Kb)

9.2. BBeaeHue B MHTErpMpoBaHHYIO OTNaao4Hyro cpeay ProView ansa
MUKPOKOHTponnepoB cemenctea MCS-51, 251, XA

( ProView V3.1 (13 681 Kb)

ProView dwupmbl Franklin - Software Inc. — wuHTerpypoBaHHas cpega pa3paboTkM NporpamMmmHOro
obecnedeHns ana ogHOKpUCTanbHbIX MUKPOKOHTponnepos cemenctaa Intel 8051 u ero knoHos. OHa BKNOYaET B
cebsa BCE, 4YTO HYXHO ANS CO34aHus, pedakTUpOBaHUSA, KOMMWMAUWW, TPaHCASLUW, KOMMOHOBKW, 3arpy3ku u
OTNagKku NporpamMm:
cTaHgapTHbIn nHTepdenc Windows,

NOMHOMYHKUMOHANbHbBIN PeAaKToOp NCXOAHbLIX TEKCTOB C BblAENIEHNEM CUHTaKCUYECKNX 3NIEMEHTOB LiIBETOM,
opraHu3aTop npoekTa,
TpaHcnsaTop ¢ A3bika C,
accembnep,
OTNaguuK,
BCTPOEHHYIO CMPaBOYHYIO CUCTEMY.
Cpena paspabotkn nogobHa Visual C++ Microsoft 1 Borland C++ gna Windows. [llonb3oBartenu,
3HaKoMble C MbbIM 13 ATUX n3genun, byayT YyBcTBoBaTh cebs B ProView, kak goma.

MepBbin 3Tan pas3paboTkym nporpamMmbl — 3anNnMCb €€ UCXOAHOro TeKCTa Ha KakoM-rmbo  43blke
NpOrpaMMmnpOBaHUS.

3atem Npou3BOOUTCS KOMMUIALUUS UMW TPaHCHAUUS ero B Kodbl M3 CUCTEMbl KOMaHg, MUKPOKOHTPOINepa,
ncnomnb3ys TpaHCcnATop unu accembnep. TpaHcnsATopbl M accemMbriepbl — MpUKNagHble MNporpaMmbl, KOTOpble
WHTEPNPETUPYIOT TEKCTOBbINA halin, cogepXallumMii UCXOOHbI TEKCT MporpamMMmbl, U co3datoT OObekTHble dannbl,
cogepxawme o6 bekTHbIN Koa,.

lMocne KOMMOHOBKM OOBEKTHLIX MOAYNEen HacTynaeT 3dTan OTNnagkM MNporpaMMbl, YCTPaHEHUs OLMnBOK,
ONTUMMU3aLINM U TECTUPOBAHUSA NPOrpamMmbl.

ProView obbeauHsieT Bce atanbl pa3paboTku NpuknagHonW nporpamMmbl B €AMHbIN PEKYPCUBHbLIN NpoLiecc,
Koraa B Nio6oi MOMEHT BpeMeHU BO3MOXEH ObICTPbI BO3BpaT K NMobomy npeabiayLiemy aTtany.

ProView umeet cnegytoLine KOMNOHEHTbI.

Noobkowd=
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http://www.gaw.ru/data/soft/instr/mcs-51/fsisetup.exe
http://www.gaw.ru/data/soft/instr/mcs-51/un51.zip
http://www.gaw.ru/data/soft/instr/mcs-51/disasmv2.zip
http://www.gaw.ru/data/soft/instr/mcs-51/adis51.zip
http://www.gaw.ru/data/soft/instr/mcs-51/float51.zip

9.2.1.0nTMMu3Npyrowmn Kpocc-komnunstop C51.

Asbik C - yHMBepcamnbHbI £3bIK NPOrPaMMUPOBaHULA, KOTOpbIM obecneuvvBaeT 3PEeKTUBHOCTL KOAa,
3NeMeHTbl CTPYKTYPHOrO NporpaMmMmupoBaHusa U nmeet boratbll HABop onepaTopoB. YHUBEPCAanbHOCTb, OTCYTCTBME
orpaHnyeHu peanusauum pgenaroT a3blk C yaobHbIM M 3hdeKkTMBHBIM CpPeaCTBOM MPOrpamMmMuMpoBaHus Ans
LLIMPOKOTro pa3Hoobpasus 3agad. MHOXeCTBO NPUKNaaHbIX NporpamMmm MoXeT BbITb HanncaHo nerye n apdekTnBHee
Ha a3blke C, yem Ha apyrux 6ornee cneumannsmpoBaHHbIX A3bIKax.

C51 - nonHas peanusaumsa ctaHgapta ANSI (AMeprKaHCKOro HauMOHarbHOro WHCTUTYTa CTaHO4apToB),
HacKoMbKo 3TO BO3MOXHO pAns  apxutektypbl Intel 8051. C51 reHepupyeT kog Q4nsd BCero cemMencTea
MUKpokoHTponnepoB Intel 8051. TpaHcnaTtop coyeTaeT TIMOKOCTb MNpoOrpaMMmupoBaHua Ha sa3pbke C ¢
3 PEKTUBHOCTBIO Koaa 1 BbICTpoaencTBMEM accembnepa.

Vcnonb3oBaHune s3blka BbICOKOro ypoBHA C MMeeT cnegyowme npevMyLlecTsa Hag nporpaMMuUpoBaHMEM
Ha accembnepe:

8. rnybokoro 3HaHMs cMCTEeMbl KOMaHg npoueccopa He TpebyeTcsd, anemeHTapHoe 3HaHue apxuTekTypsbl Intel

8051 »xxenatenbHO, HO He HeobxoanMo;

9. pacnpegeneHue perncTpoB 1 cnocobbl agpecaummn ynpasnistoTCs NOMHOCTLIO TPAHCHATOPOM;

10.nyywias 4uTaemMocTb MporpamMMbl, MWCMOMb3YIOTCA KMYEBble crnoBa W QYHKUMM, KoTopble ©Gonee
CBONCTBEHHbI YeroBEe4YEeCKON MbICIM;

11.Bpems pa3paboTku nporpaMmm n Mx OTNagKkM 3HaYUTENbHO KOpPOYe B CPaBHEHMM C MporpammMuMpoBaHMEM Ha
accembnepe;

12.6mbnunoTteyHble dannbl cogepxaT MHOIMO CTaHAAPTHbLIX MOAMPOrpamMM, KOTOpble MOryT ObiTb BKIOYEHbI B
NPVKNagHylo NporpamMmy;

13.cywecTBylowime nporpaMmbl MOTFYT MHOFOKPATHO WCMOMb30BaTbCAd B HOBbLIX MNporpammax, WCMnonb3ys
MOZyIbHbIE METOAbLI MPOrPaMMUPOBaHNS.

9.2.2.Makpoaccemb6nep A51.

Accembnep A51 coBmectum ¢ ASM51 Intel ans Bcero cemenctBa MukpokoHTpornnepos Intel 8051.
Accembrniep TpaHCNMpyeT CUMBOSIUYECKYID MHEMOHWKY B MNepeMellaeMbli OOBbEKTHLIN Kog, WMEHLUIA BbICOKOE
ObicTpogencTeme n manbein pasmep. Makpocpeactsa yCKOpsitOT pa3paboTKy M SKOHOMSAT BpeMs, MOCKOMNbKy obLime
nocnegoBaTenbHOCTU MOryT ObiTb pas3paboTaHbl TONMBLKO OAWH pa3. Accembriep nNoggepXuBaeT CUMBOSNMYECKUN
OOCTyn KO BCEM 3fleMeHTaM MUKPOKOHTpOMepa M nepecTpanBaeT KOHMMrypaumio Ond Kakgow pasHOBUOHOCTM
Intel 8051.

A51 TpaHcnvpyeT ncxofHbi dann accemdnepa B nepemellaemMbii 06bekTHbIM Mogyrb. [pu oTnagke nnm
npu BktodeHHon onumm “Include debugging information” 3TOT 00beKTHbIM hain GyaeT copepxaTb MOJSHYHO
CMMBOSMYECKYHO MHOPMaLUo Anst oTrnagqmka/MMmmTaTopa UM BHYTPUCXEMHOMO aMynsiTopa.

9.2.3.KomnoHoBLwWMK L51.

KoMnoHOBLUMK 06beAMHSIET OAUH UMM HECKOSbKO OBBEKTHBLIX MOZYNen B OOHY UCMOMHSEMYO NporpamMmy.
KoMnoHOBLUMK pa3mellaeT BHeEWHMe W obLue CChINKM, Ha3HadaeT abCconoTHble agpeca nepemellaemMbiM
cermeHTam nporpamm. OH MoXeT oOpabaTbiBaTb OOBLEKTHble MOAYnuW, COo34aHHble TpaHcnsaTopom C51,
accembnepom A51, TpaHcnsatopom PL/M-51 Intel n accembnepom ASM51 Intel.

KoMMoOHOBLLMK aBTOMaTU4YeCKN BbIOUpPaEeT COOTBETCTBYOLME BUONNOTEKN NOAAEPKKA U CBSA3bIBAET TOSLKO
TpebyemMble Moaynv u3 GubnuoTek. YCTaHOBKM MO yMonyaHuio ansa L51 BbeiOpaHbl Tak, YToObl OHWM Nogxoawnu Ansi
BGonbLUMHCTBA NPUKIaAHbLIX NPOrPaMm, HO MOXHO OMNpeaennTb U 3aKkasHble YCTaHOBKMU.

9.2.4.0tnapguuk/cumynstop WinSim51.

OTnagunk mMcxopHbIX TEKCTOB MCMonb3yeTca ¢ TpaHcnatopoM C51, accembnepom A51, TpaHCnsaTopom
PL/M-51 Intel n accembnepom ASM51 Intel. OTtnagumk/cumynsaTop no3BONSiIET MOAENMPOBaTb OOMbLUMHCTBO
ocobeHHocTen Intel 8051 6e3 Hanuumsa annapaTHbIX cpeacTB. MOXHO MCNONb30BaTh €ro A5isi NPOBEPKM U OTNaAKM
NPVKNagHoOW nporpaMmbl npexge, Yem OydyT M3roTOBMeHbl annapaTHble cpeacTtea. [lpy aTom mogenvpyeTtcs
LUMPOKOE pa3Hoobpa3une nepudepuiiHbIX YCTPOMNCTB, BKITOYasi NOCrefoBaTENbHbIA NOPT, BHELLHUA BBOA - BbIBOA U
TanmMepsbl.

9.3.BbICTpbIN cTaApT.

“BbiCTpbIN CTApT’ — 3TO OObLIYHLIM MPUEM pPa3paboTUMKOB COBPEMEHHLIX MPOrpaMmMHbIX cpeacTs. Llenb
COCTOUT B TOM, 4TOObI, He yrnybnascb noka B nogpoBOHOCTW, AaTb HOBUYKY WM OOCTaTOYHO OMbITHOMY
nonb30oBaTenio nepBoe MNpPeACcTaBleHne O MPOrpaMMHOM CpPeACcTBe, AaTb BO3MOXHOCTb ObICTPO MNOMAyYUTb
KOHKpeTHbIN pe3ynbTaT. [lonHoe npeactaBneHue, 3HaHWS U yMEHUS MOSBATCA MO3xe B npouecce paboTbl u
N3y4YeHns CnpaBOYHbIX MaTepuarnos.

B kadectBe npumepa BO3bMEM MPOCTENWYD MporpaMMmy, C KOTOPOW HauMHalT U3yvyeHue N3bIKoB
nporpaMMmnpoBaHnst MHorne nokoneHus ctygeHToB. “Hello World” - nporpamma u3 nanku \Fsi\Examples\Hello\,
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KoTopas BblAaéT B nocriegoBatenbHbi nopT (UART) mukpokoHTponnepa ctpoky cumsonoB “Hello World” (“Mpuset
Mwup”). Becb MCXOOHBIN TEKCT Nporpammbl coaepxutcs B danne hello.c:

/ /
/* YOUR FIRST 8051 PROGRAM */
/ /

#include <reg51.h> /* special function register declarations */
/* for the intended 8051 derivative */
#include <stdio.h> /* prototype declarations for I/O functions*/

/****************/

/* main program */

/****************/
void main (void) { /* execution starts here after stack init */
SCON = 0x50; /* SCON: mode 1, 8-bit UART, enable rcvr */
TMOD |= 0x20; /* TMOD: timer 1, mode 2, 8-bit reload */
TH1 = 0xf3; /* TH1: reload value for 2400 baud */
TR1=1; /* TR1: timer 1 run */
Tl =1; /*Tl: set Tl to send first char of UART*/
printf ("Hello World\n"); /* the "printf' function call */
while (1) { /* An embedded program does not stop and */
Y [* never returns. We've used an endless */
} /*loop. You may wish to put in your own */
} /* code were we've printed the dots (...) */

Mpexae yem HayaTb pa3paboTky npoekTa, ckonupymnTe nanky \Fsi\Examples\Hello\ B cBoto nuuHyto nanky.
B aTon nanke HaxoauTcsa Bcero nuwb ogmH dann hello.c.

9.3.1.3anyck ProView wu co3paHume danna npoekra.

ProView 3anyckaeTtca ns ctaptosoro MmeHio Windows nogobHo octanbHbIM npunoxeHuam. Ecnv Heobxoaumo
3anycTuTb nporpamMmy M3 KOMaHOHOW CTpOKW, eé cuHTakcuc umeet Bua: PV32 [projectfile], raoe projectfile - nms
danna npoekta ¢ paclumpeHnem [.PRJ].

Jllobas HoBas paboTta B ProView, kak u BO BCEX COBPEMEHHbLIX KOMMUIATOPax, HauyMHaeTcs C COo3haHus
HoBOro ganna npoekta. dann NnpoekTa COAEPXKUT UMEHa BCEX UCXOOHbIX (hannoB, CBA3aHHbIX C NPOEKTOM, a Takke
YCT@HOBKM KOMMUIIALMMW, TPAHCIIALUM U CBA3bIBaHMS (hannos, YTOObl reHeprpoBaTh BbIMOMHAEMYO NPOrpamMmy.

Ina Toro 4tobbl co3gaTh HOBLIM dhann npoekta, Boibepute New n3 meHio Project. OTkpoeTcs guanoroeoe
okHo New Project. cnonb3ynte kHomky Browse, 4Tobbl BOMTM B cBOK nanky. Hangute nanky \Hello n HaxmuTte
kHonky [OK]. 3atem Bbibepute “8051” kak TN NpoekTa.

Koroa meHepxep mpoekTa OTKpbIBAeT paviyl MpOeKTa, OKHO MpPOEeKTa MOoKasblBaeT BKITHOYEHHbIE UCXOOHbIE
dannbl. B gaHHOM crnyvae noka HeT HUMKaKuX UCXOOHbIX dhansioB. imeeTcsa TONbKO OAMH UCXOAHBIM dhaitsl, KOTOPbIN
Heobxoaumo noaknounTs - hello.c.

9.3.2.[lo6aBka charna ¢ UICXOAHLIM TEKCTOM M €ro pegakTupoBaHue.

Tenepb MoxHO gobaeuTb hello.c k npoekTy. Bbibepute Add file n3 meHo Project. OTkpoeTca guanorosoe
okHo Add File . Bbibepute hello.c 13 cnivcka.

Haw npoekT nmeeT Tonbko OAWH MUcxonHbi dhann. B ganbHenwem Bawwn npoekTbl, BO3MOXHO, OyayT
COCTOSITb M3 MHOXeCTBa mcxogHbix dannos. Ouanor Add File nossonut Bam BbiGpaTb M [06aBUTbL HECKOSBKO
hannoB cpasy. [ns aToro mcnonb3yT koMomHaumio knaeuwm [CTRL] n ykasatens mbiwn. Korga Bbl HaxméTe
[Open], ncxogHole dannbl 6yayT nobaBneHbl K NPOEKTY B BbIOpaHHOM MOpsSiaKe.

Tenepb MOXHO pefakTMpoBaTb TekcT u3 davina hello.c. Boibepute hello.c n3 okHa Project (puc. 19).
Haxmute ero npason kHomkon Mbiwn u Bolbepute View source file, unm npocto ABaxabl LWENKHUTE MbIWbO ANd
TOro, 4To6bI NpocMaTpmBaTh ann B OKHE peJakTMpOBaHUS.
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[5 Project - c:huszershivanovihellohhello_prj
g4 CAUSERSYWANOWSHELLOYHELLO.PRJ {8051} code=174 external data=0 internal data=8.0

o B hello.c [C51] code=27 const=0 xdata=0 pdata=0 da

Wiew zourze file
Wiew ligting

Add file
Delete file
Move Mode... r

Tranzlate
Select a translating tool
Options 3

Puc. 19. [Juanozoeoe okHO Project

ProView 3arpyxaeT n nokasbiBaeT cogepxaHue hello.c B okHe, rage MOXHO peaaktupoBaTb ¢ann. OkHO
penaktupoBaHusa (puc. 20) - NONMHOMYHKLUMOHANbHLIA PEeAakTop MCXOOHOro TeKCcTa, npeasiaratolmnm  Takue
BO3MOXHOCTM, KaK BbICBEYMBAHME CUMHTAKCUYECKUX IIEMEHTOB WM KOHTEKCTHbIA mouck. Ecnu Beibpate “printf” n
HaxaTb knaeuwy [F1], ProView oTkpoeT cuctemy crnipaBku 1 nepenaéT K pasgeny cnpasku o “printf”.

[ oo\ Mivanovihellohhello.c M=l E3

#include <stdio.lc- /¥ prototype declarations for I/0 functions *f;|

f***w*w*w#*w**w*w;

S% malin program 7

f***w*w*w#*w**w*w;

vold main (wvoid) | /% execution starts here after stack init /7
SCON = 0x50; % BCON: mode 1, S-bit UART, enable rcowr */

THOD |= 0xz0: % THOD: timer 1, mode 2, S-bit reload */
TH1 = OxE3:; f* TH1: reload walue for 2400 baud *7
TRl = 1: A% TRl: timer 1 run */¢

TI = 1: fF TI: set TI to send first char of UART *7

("Hello Worldyn”); /% the 'printf' function call #/

while (1) { F% An embedded program does not stop and */

AT 00 FS 4T newer returns.  We'we used an endless F4
B A% loop.  You may wish to put in v¥our owmn +F
Lo /% code were we'we printed the dots (...)] %S -

« | oy

Puc. 20. OkHo pedakmupogaHusi

9.3.3.Komnunsiuma n KOMNOHOBKaA.

3T0T npouecc komnunupyeT, cBaAsbiBaeT hello.c ¢ Gubnuotekamn n cosgaeTr abCoOMOTHbIA OBBLEKTHbLIN
MOAYMb, KOTOPbI Mbl CMOXeM npoBeputb B oTnagyunke WinSim.

Bbibepute Make n3 menio Project. ProView
oTobpaxaeT OKHO, MoKasblBad TeKyllee COCTOsiHUE
npouecca. Korga npouecc KOMNUAAUUA 3aKOHYUTCS,

Fi Message [_ O] %] B okHe Message (puc.21) oTobpaxaeTcs coobLieHne
3aBepweHusa. Ecnn  Gbinn  OOHapyXeHbl  Kakue-
HMBYOb OWNBKM, O HUX COODLLAEeTCs 34€ECh Xe.

9.3.4.TecTupoBaHue n oTnagka.

Puc. 21. Oxno coobwjenuii BbinonHuMm oTtnagky nporpammbl. Ecnn npoekTt

HOBbIW, OTKpoeTcs Anarnorosoe okHo Debug Options (puc.
22), rae Bbl MoXeTe M3MEHATb YCTAHOBKM OTnagyvvka. B ganbHemwem MOXHO YCTaHOBUTb OMUUKM OTMagyuka,
BblOpaB Debug 13 meHo Options. Haw npoekT ncnonb3yeTt 3Ha4eHMs N0 YMOSTYaHuo.
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Debug Options: k |

— Toal:
: - | Ok |
% ifitual M achine [Simulatork
" Real Machkine (Ermulator] LCancel |
= Other Tool
Help |
— Microcontroller ———— — Frequency:
Advanced Elptin:nnsl
I ancs2 v-I E[_','Sta' [MHE] 11.059
Eart S etings |

Puc. 22. OkHo Ouaroza onyuti omnadyuka

Bbibepute Start n3 meHto Debug.
Bbibepute Hardware (annapatHble cpenctsa) m3 meHwo View. Boibepute UART, oTkpoeTcs OKHO

nocriegosartenbHoro nopta (puc. 23). B panbHernwem npu pabote nporpammbl 34eCb MOXHO GyaeTt yBuaeTb BCE,
YTO BbIBOAMT MUKPOKOHTPOMMEpP B NnocneaoBaTerbHbIN NopT.

A UART [HELLOD) A H[=] 3
¥ TRk tode 1: 8-hit UART
 AsCl | Fec. baud :Tirmer 1 rflow (1199 H
[ BREC o L Emes BT ec. baud generator: Timer 1 owerflow | zl
¥ Fast hode Trm. baud generator: Timer 1 owverflow (1194 Hz)
~ Buffer:
| =
I
T [
~Input:
- |
[
il [

Puc.23. OkHo nocrnedogameribHO20 riopma

GOl

Bbibepute Run n3 meHio Debug nnn Haxxmute KHOMKy .
Puc. 24 nokasbiBaeT, kak BbIMMAAUT 3KpaH oTnagymka WinSim npu BbInonHeHun nporpammbl. O6paTtute

BHMMaHwWe, 4To B okHo UART BbiBegeH TekcT “Hello World”.
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PV32- hello =

File Edt Search Project Tool View Debug DOptions ﬂdaw Help

Ealmél Ql%lﬂ‘glﬁkl S e ﬂ.o E:I?m %l&lﬂ.@ﬂ @l ﬁl ﬁ I J

CPU Bank Drata Hardware
a #include <stdio.lc /4 prototype decla|PC |DDAE| RE [on |@R0O [oo | PO FF
ACC oo (RO foo (@RI foo | P FF
EEEERELERELRENREY
! ’ Psw [o7 |R1 53 |@OPTRFE P2 [FF
S main program ¥/
FEERRREEREERETHGS L ART [HELLD] !EE
E woid wain [(woid) { - -
a SCON = Ox50: I+ TRbA & ASC kode 1: 8-bit UART
: ETD I= g"‘ig; I REC -~ HEs Fioset Bufiar | Rec. baud generator: Tim
a = OMES:
3 TRL = 1: ¥ Fasthode Trm. baud generatar: Tim
4+ TI = 1;
— Buffer:
) ——— "
' ("Hello Worldyn” [Jp =" "=~ -
) while (1) |
& Y

: rMessage [EIEA
| | T: 001 e 172 pe 981 ne | BE | IMS | MU | CAPS

Puc. 24. SkpaH omnadyuka rpu 8bIrNoJIHEHUU rpo2paMmbl

I'IpM BblIBOAE CMMBOJIOB B MNMOPT Ha4YMHaeTCA BbINOJIHEHUE ©eckoHeyHOro umkna. Bbl MmoxeTe ocTaHOBUTb

._J—

BbIMOSIHEHNE NporpaMmbl, BblOpaB Stop u3 meHo Debug. C nomoLbo perynaTopa - = f--:- -+ - PN HaKaATON

KHOMKe Ha MaHenM WHCTPYMEHTOB MOXHO MEHsSITb CKOpOCTb paboTbl oTnaguvka. CTpoka COCTOSIHMS
MoKa3sbIBaeT TeKylllee pearibHOe BPeMS.

9.3.5.MowaroBbIN peXum 1 BbIXo4, U3 oTagvmKa.

Bbl MOXeTe ucnonb3oBaTb OTNagyMk, 4Ytobbl NepemellaTbest No nporpamme. Boibepute Reset s meHto
Debug (aTa koMmaHga cbpocut moaennpyeMeiit npoleccop) u Belbepute Step Into u Step Over ns meHto Debug.
KomaHgbl Step nosponsoT “warate” MO KaXOow CTPOKe WCXOQHOrO TeKkcTa. Tekylwasi KomaHga
BbICBEUYMBAETCS Ha kaxaom ware. Step Into no3sBonsieT BoMTH B Bbi3biBaeMyto dpyHkumo, Step Over — nepeluarHyTb
yepes Heé, He BXOAS BO BHYTPb.
[na 3aBepweHns paboTbl C OTNag4YMKOM B JOOOM MOMEHT BpeMeHu Bbl MoxeTe BbiOpaTb Terminate u3
MeHo Debug 1 BO3BpaTUTLCA B PEXUM pPeaaKkTUPOBaHUS.

9.3.6.Cneaylowmin war.

OGpaTnTe BHMMaHWe, YTO B pexmMMe OTNaKuM Ha 3KpaHe BUAHbI elwé aBa okHa. [epBoe — okHO koaa (pwc.
25), roe B MOWAroBOM pexvMme napannefibHO C UCXOOHbIM TeKCTOM Ha sidblke C maéT TpaccupoBKka TekcTa Ha
accembnepe.
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l&ddress | Bymbal [Code | Mnermanic |
6F db 6F ; 'o’
20 db 20;"'’
L7 db b7 ; "W'
6F db 6F ; 'o’
72 db 72 :'r'
6C db 6C ;'I'
64 db 64 ;'d’
: 04 db 0A
0092: 1]1] db 00
; SCON = 0x50; I* SCON: mode 1, 8-hit UART, enable rocwr *}
0093: main 759850 MOY SCON.#50
it A7 TMOD |= 0=20; f* TMOD: timer 1. mode 2, 8-bit reload *}f
0096: 438920 ORL TMOD,#20
0099: 858989 MO¥Y TWMOD, TMOD
i# A48 TH1 = 0xd3; f* TH1: reload value for 2400 baud *f
009cC: 7h8DF3 MO¥ TH1.#F3
i# 49 TR1 =1;fTRH1: timer 1 run *f
009F: DZ8E SETB TRI1
i# 50 TI =1:fTI. setTlto send first char of UART *}f
00A1: D299 SETB TI
i 52 printf ["Hello World\n™); /¥ the "printf' function call *f
00A3: 7B05 MOV R3.#05
00AG: 7400 MOV RZ2.#00
00A7: 7986 MOV R1.#86
00A9: 120066 LCALL ?PRINTFO
{# 57 } I* code were we"ve printed the dots [...] *f -
00AC: 80FE SJMP 00AC
00AE: FF db OFF Ll
|

Puc. 25. OkHo KoOa

IMpoKkpyTUTE OKHO KOAA U U3yumTe accembriepHbIi aHanor McxogHoro Tekcta. C cuMBonoB “##” HaunHaroTCs
CTPOKW, C MOMOLLIbIO KOTOPbIX JIErKO COMOCTaBUTb acCeMONEpPHbIN TEKCT U TEKCT Ha s3blke C. ObpaTtute BHMMaHue
Ha TO, CKOJbKO KoAa NpuLLIock Bbl HanueaTb, eCrnv NPOeKTUPOBaTh NporpaMMy Ha accembnepe.

AccembnepHbIn aHanor Tekcta coxpaHsieTca B daune hello.st, ecnn B onumsax npoekra (Project ns mexto
Options) otmeueHo Generate Listing (puc. 26). 3gecb e MOXHO ykasaTb, Kakyld MHGOPMaLUIO BKMYaTb B
TINCTUHT.
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O ptiors:
- Ervironment ¥ Generate listing [[LST)
i Directories
- CH1 ¥ Include the program source text

[ Display the contents of the include files

¥ Show unazsembled linez of conditional constructs
¥ Expand assembly instructions of macros

¥ Generate a table of the symbals

¥ Generate a cross reference table of the symbols

[ Inzert Form feeds at the end of pages
Mumber of lines printed per page IED

MNurnber of characters printed per line |g|:|

ok | Defaults |

LCancel | Help |

Puc.26. [Juanoe onyuti npoekma

M3yunte cmbicn OpyrMx onumi npoekta B pasgenax Environment, C51, A51, L51. Otkponte damn
nnctuHra (puc. 27) ¢ nomolubto View listing ns mento View.

ASSEMELY LISTING OF GENERATED OEJECT CODE a]
: FUNCTION main (BEGIN)

0000 759550 MOV SCON, #050H : SOURCE LINE # 46

0003 438920 ORL  TMOD, #020H : SOURCE LINE # 47

0006 §58959 MOV THOD,THMOD

0009 758DF3 MO0V THL, #0F3H : SOURCE LINE # 48

000C DESE SETE  TRL : SOURCE LINE # 49

000E D2og SETE TI : SOURCE LINE # 50

0010 7EOS MO0V R3,#005H : SOURCE LINE # 52

oo0lz 7a00 R MO0V RZ,#000H

oo0ld 7900 0 0 R MO0V R1,#000H

00ls 120000 R LCALL #printf _J

0019 #WHILEL:

0019 SOFE SIMP  $WHILEL : SOURCE LINE # 55

| ; FUNCTION main (END) -
1] | v

Main Registers (HELLO) =] E3

CFU Bank Data Hardware

FC |EID.-'-‘~E FEB oo |®@R0O oo [[PO FF
ACC oo RO Joo (@RI Joo [ FF
PSwW  lon |R1 [32 |@DPTR[FF | F2 FF
SP og (B2 oo |[==R0 FF | P3 FF
DF'TF][u:u:uj F3 (05 |=@R1 [FF | TCOM (o
B oo |R4 oo (3P [ | THLO[OOOO
C ||:|_F|5 00 | =aREA [ | THL1[F2F4
EA ] RE [gs |Task [-¢ | THLZ[0000
IE oo |R7 [o1 | TaskP [ | PCOM W

Puc. 27. OkHo ¢palina nucmuHeaa

BTopoe OkHO, KOTOpOE NPUCYTCTBYET Ha 3dKpaHe
BO BpeMs oTrnagku, — Main Registers (puc. 28).

B aTOM OKHE MOCTOsSIHHO oTOBpaxaeTcs Tekyllee
COCTOsIHME BCEX MNPOrpaMMHO-AOCTYMHbLIX PEerncTpoB
MUKpPOKOHTponnepa. bonee Toro, cogepxumoe perucTpos
MOXXHO MEHATb BO BpeMs OTMNaaKu.

C nomouwibto nyHkta Data dump m3 meHio View
MOXHO MOCMOTPETb COAEPXUMOE MaMsATU PasfIU4HOro
TMna B pexume oTnagku. NonpolyiiTe aTo caenartb.

Puc.28. Oxno pecucmpos
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9.4.HTerpupoBaHHan otnago4Has cpepga mVision2.

mVision2 - HoBada oTnagoyHas cpeaa dupmbl Keil Software ana mukpokoHTponnepos cemeinctea MCS-
51. OHa BkntoYaeT cpeacTBa ynpaBreHUs MPOeKTaMu, MOLLHBIA TEKCTOBbIA peaakTop M MHOTOYHKUVOHANbHbIN
OTNagyvMKk B yaoOHOW nporpamMmHON obGonoyke. B komnnekr BxoguT nogpobHoe pykoBOACTBO, B KOTOPOM €CTb
crnpaBoyHas nHopmaLusa nNo BcemM Bonpocam 1 pasgen Ans 6bICTporo 0CBOEHUS NporpaMmmebl.

MopaepxmBatoTca MukpokoHTponnepbl dupm: Analog Devices, AMD, Atmel, Dallas Semiconductor,
Infineon, Intel, OKI, Philips, Temic, Winbond.

e WHTerpupoBaHHasa otnago4yHasa cpega mVision2 (6842 Kb)

9.5..KomnunaTopsbl ¢ A3blka accemMbnep ANs MUKPOKOHTponsnepoB cemencrtsa MCS-51.

Apxutektypa MukpokoHTposnnepoB 8051 6bina paspaboTtaHa okono 20 net Hasag, U B HacToslLLee BpeMsi
Ha pblHKE MpefnaraeTca HEeCKONbKO COTEH MWKPOKOHTPOSNEPOB, KOTOPbIE BbIMYCKAOTCHA pasHbiMU upmMamu 1
coBmectumbl ¢ 8051. B pgaHHOM pasgene HaxoOgaTCs  KOMMUIIATOPbI C  accembriepa ang  Takux
MUWKPOKOHTPOJNEPOB.

Komnunatop nossonseT npeobpasoBbiBaTb UCXOAHBIA TEKCT MporpaMMbl Ha $3blke accembnepa B
OOBEKTHBIV KOO U Ko4 MUKpoKoHTponnepa ang MNM3Y. MNporpammbl 4ns pasHbiXx MoAMUKaLMA MUKPOKOHTPOSNEPOB
cnegyeTt nucatb C yY4eTOM OCOOEHHOCTEN KOHKPETHOro KpucTanna u ero nepudepuiiHbiXx Moaynen. 3TOo MOXHO
BbISICHUTb MO JOKYMEHTaLMM Ha MUKPOKOHTPOMMeEP.

Mbl pekomeHayem ucnonb3oBaTb accembrnep 2500AD ¢ goKymMeHTaLMen Ha pyccKOM SA3blKe, eCnun HeT
cneLmanm3npoBaHHOro KOMNUNATOPa A4S BbIOpaHHOro MUKPOKOHTponnepa.

Accembniep 2500AD (298 Kb)

Accembnep ans MCS-51 (63 Kb)

Accembnep ans MCS-51 (138 Kb)

Intel 8051 kpocc-accembnep (46 Kb)

Accembnep ans 8031/8051 ¢ ucxogHukamu (54 Kb)
Kpocc accembnep ansa 8051 (32 Kb)

71


http://www.gaw.ru/data/soft/instr/mcs-51/xd8051.zip
http://www.gaw.ru/data/soft/instr/mcs-51/8051asm.zip
http://www.gaw.ru/data/soft/instr/mcs-51/8051.zip
http://www.gaw.ru/data/soft/instr/mcs-51/mlasm51.exe
http://www.gaw.ru/data/soft/instr/mcs-51/asmb51.exe
http://www.gaw.ru/data/soft/instr/mcs-51/2500ad.exe
http://www.gaw.ru/data/soft/instr/mcs-51/ek51v600.exe

10.0CHOBHbIE XapaKTepucTukn MMKpokoHTponnepoB MCS 51 / MCS 251.

> | = om
x I P e
3 Pe3npeHTHas 2 515 & ::: ® o § ﬁ
o S |3|E|&|2 3 5 E |9 KnioueBble
2 namsaTb E 3| g =|2 E 6 e | &
8 &8 5/8|le| &% e | 0COBEHHOCTH
O s | S|o|®|E - = O
o nporpamm o |s|lelX|8 ~ o
0 | ® < | =
o (- J
Cepusi 8051 (He pekomeHOyemcsi K UCMOIb308aHUI0 8 HOBbIX paspabomkax)
8031AH HeT 128( 2 11| 0 |32 12 D,N,P | HeT | Mpoueccop 6yneBbix hyHKLNIA
8051AH | 4K ROM 1281 2 |11 0 |32 12 DINP | P Mpoueccop 6yneBbix yHKUNIA
8751H 4K EPROM 1281 2 |1 1] 0 |32 12 D L1 OpavH ypoBHb 6riokuposkm 3Y
8751BH | 4K OTP ROM 1281 2 |1 1] 0 |32 12 NP | L2 [Ba ypoBHsi 6nokuposku 3Y
Cepusi 8052 (He pekomeHOyemcsi K UCMONIb308aHUI0 8 HO8bIX pa3pabomkax)
8032AH HeT 256 3 | 1 0 |32 12 D,N,P HeT | Tpu Tanmepa-cyeTUmKa
8052AH | 8K ROM 2561 3 |11] 0 |32 12 D,N,P | HeT | Tpwu Tarimepa-cyeTymKa
8752BH | 8K OTP/EPROM | 256 | 3 | 1| 0 |32 12 D,N,P | L2 [Ba ypoBHsA 6rokupoBku 3Y
Cepuss 80C51
80C31BH HeT 1281 2 |1 0 |32(12,16 D,N,P,S | HeT | Pexumbl ynpasneHus notpebneHvem
80C51BH | 4K ROM 1281 2 |10 |32(12,16 DNPS| P Pexuvmbl ynpaeneHusi notpebneHvem
87C51 4K OTP/EPROM (128 2 | 1 0 | 32 (12,16,20,24i| D,N,P,S | L3 Tpu ypoBHsi 6nokmpoBku 3Y
Cepusi 8X52 /54 /58
80C32 HeT 256 3 | 1| 0|32]12,16,20,24i| N,P,S | HeT | PeBepcuBHbIN TaiMep-CHETUUK
80C52 8K ROM 256 3 | 1 0 | 32 (12,16,20,24i| N,P,S L1 PeBepcuBHbI TaMep-CHETHMK
87C52 8K OTP/EPROM [ 256 | 3 | 1 0 | 32 (12,16,20,24i| D,N,P,S | L3 PeBepcuBHbI TaMep-CHETHMK
80C54 HeT 256 3|1 1| 0 [32]12,16,20,24i| N,P,S | L1 PeBepcuBHbIN TaliMep-CHETUNK
87C54 16K  OTP/EPROM | 256 3 | 1 | 0 | 32 |12,16,20,24i| D,N,P,S | L3 PeBepcuBHbIV TaiMep-CHeTYMK
80C58 HeT 256 3|1 1| 0 [32]12,16,20,24i| N,P,S | L1 PeBepcuBHbIN TaliMep-cHETUYNK
87C58 32K OTP/EPROM (256 | 3 | 1 0 | 32 (12,16,20,24i| D,N,P,S | L3 PeBepcuBHbI TanMep-cHETHMK
Cepusi 8XL52 /54 /58
80L52 8K ROM 256 3| 1|0 |32] 12,16,20* N,S L1 VccoT 2.7B no 3.6B
87L52 8K OTP ROM 256 3| 1|0 32| 12,16,20* N,S L3 | VccoT2.7B po 3.6B
80L54 16K ROM 256 3| 1|0 |32]| 12,16,20* N,S L1 VccoT 2.7B go 3.6B
87L54 16K  OTP ROM 256 3 | 1| 0 |32]|12,16,20* N,S L3 | VccoT 2.7B po 3.6B
80L58 32K  ROM 256 3 | 1| 0 |32]12,16,20* N,S L1 | VccoT 2.7B po 3.6B
87L58 32K  OTP ROM 256 3 | 1| 0 |32]12,16,20* N,S L3 | VccoT 2.7B po 3.6B
Cepusi 8XC51FA /FB/FC
80C51FA HeT 256 | 3 | 1| 0 |32(12,16 N,P.S | HeT| MaTpuua nporpammupyemMbix
cueTumkoB (PCA)
83C51FA | 8K ROM 256 3| 1|0 |32]|12,16 N,P,S | L1 | MaTprua nporpammMupyembIx
cueTumkoB (PCA)
87C51FA | 8K OTP/EPROM*| 256 | 3 | 1 0 | 32 {12,16,20,24i |D,N,P,S L3 | MaTtpuua nporpammMmupyembix
cueTumkoB (PCA)
83C51FB | 16K ROM 256 3 | 1| 0 |32(12,16,20,24i N,P,S | L1 | MaTpuua nporpammupyemMbix
cyeTtunkoB (PCA)
87C51FB | 16K OTP/EPROM*| 256 | 3 | 1 | 0 | 32 | 12,16,20,24i|D,N,P,S | L3 | MaTpwuua nporpaMMnpyemMbix
cueTumkoB (PCA)
83C51FC | 32K ROM 256 | 3 | 1 0 | 32 (12,16,20,24i N,P.,S | L1 | MaTpuua nporpammupyemMbix
cueTumkoB (PCA)
87C51FC | 32K OTP/EPROM*| 256 | 3 | 1 | 0 | 32 |12,16,20,24i|D,N,P,S | L3 | MaTpwuua nporpaMMnpyemMbIx
cyeTtunkoB (PCA)
Cepuss 8XL51FA /FB/FC
80L51FA HeT 256 3 | 1| 0 |32]12,16,20* N,S HeT | VccoT 2.7B go 3.6B, PCA
83L51FA | 8K ROM 256 3 | 1| 0 |32]12,16,20* N,S L1 | VccoT 2.7B po 3.6B, PCA
87L51FA | 8K OTP ROM 256 3 | 1| 0 |32]12,16,20* N,S L3 | VccoT 2.7B po 3.6B, PCA
83L51FB | 16K ROM 256 3 | 1| 0 |32]12,16,20* N,S L1 | VccoT 2.7B po 3.6B, PCA
87L51FB | 16K OTP ROM 256 3 | 1| 0 |32]|12,16,20* N,S L3 | VccoT 2.7B po 3.6B, PCA
83L51FC | 32K ROM 256 3| 1| 0 |32]12,16,20* N,S L1 | VccoT 2.7B po 3.6B, PCA
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87L51FC | 32K OTP ROM 256 3 | 1| 0 |32]12,16,20* N,S L3 | VccoT 2.7B po 3.6B, PCA
Cepusi 8XC51RA /RB/RC
80C51RA HeT 512 3 | 1 0 | 32 (12,16,20,24i N,P HeT | PacwunpeHHoe O3Y, PCA,
annapatHbin WDT
83C51RA | 8K ROM 512 3 | 1 0 | 32 12,16,20,24i N,P L1 | PacwmpeHHoe O3Y, PCA,
annapatHbin WDT
87C51RA | 8K OTP ROM 5121 3 | 1| 0 | 32|12,16,20,24i N,P L3 | PacwupeHHoe O3Y, PCA,
annapatHbin WDT
83C51RB | 16K ROM 512 3 | 1 0 | 32 12,16,20,24i N,P L1 | PacwmpeHHoe O3Y, PCA,
annapatHbin WDT
87C51RB | 16K OTP ROM 5121 3 | 1 0 | 32 [12,16,20,24i N,P L3 | PacwmpeHHoe O3Y, PCA,
annapatHbin WDT
83C51RC | 32K ROM 5121 3 | 1 | 0 | 32|12,16,20,24i N,P L1 | PacwumpeHHoe O3Y, PCA,
annapatHbin WDT
87C51RC | 32K OTP ROM 5121 3 | 1| 0 | 32 [12,16,20,24i N,P L3 | PacwmpeHHoe O3Y, PCA,
annapatHbin WDT
Cepusi 8XC51GB
80C51GB HeT 256 | 3 |1+| 8 |48 (12,16 N1 HeT | 8-paspsagHbin AL, 2 PCA, 6 nopTtoB
SE B/B
P
83C51GB | 8K ROM 256 | 3 |1+| 8 |48 (12,16 N1 L1 | 8-paspsagHein AUIM, 2 PCA, 6 noptoB
SE B/B
P
87C51GB | 8K OTP ROM 256 | 3 |1+| 8 |48 12,16 N1 L3 | 8-paspsagHein ALIM, 2 PCA, 6 nopToB
SE B/B
P
Cepusi 8XC152 — KommyHUKayUOHHbIE KOHMPOIIIEepsb!
80C152JA HeT 256 | 2 | 1 0 |40 | 12,16 P1,N1 HeT | MHOronpoTOKOMbHLIM NOCHe . kaHan,
2 DMA
80C152JB HeT 2562 |11] 0 |56|12,16 N1 HeT | MHOronpoTOKONbHLIN NOCNe . KaHar,
2 DMA
83C152JA| 8K ROM 256 | 2 | 1 0 |40 | 12,16 P1,N1 HeT | MHOronpoTOKOMbHLIM NOCHe . kaHan,
2 DMA
Cepusi 8XC51SL — KoHmponnepbl knasuamypbl
80C51SL- HeT 256 2 | 1| 4 |24 16 KU HeT | YnpaBneHue KnaBnaTtypomn
AH notpebutens
81C51SL- | 16K ROM1 256 | 2 | 1| 4 |24 16 KU HeT | YnpaBneHue knaBmaTypon
AH notpeburens
83C51SL-| 16K ROM 256 2 | 1| 4 |24 16 KU HeT | YnpaBneHwe knaBmaTypon
AH notpeburens
87C51SL-| 16K OTP 256 | 2 | 1| 4 |24 16 KU HeT | YnpaBneHue knaBmaTypon
AH notpebutens
80C51SL- HeT 256 2 | 1| 4 |24 16 SB HeT | Vcc ot 3B o 3.6B, 8-paspsaagHbin AL
AL
81C51SL- | 16K ROM1 256 | 2 | 1| 4 |24 16 SB HeT | Vcc oT 3B go 3.6B, 8-paspsagHbi AL
AL
83C51SL-| 16K ROM 256 | 2 | 1| 4 |24 16 SB HeT | Vcc oT 3B go 3.6B, 8-paspsagHbi AL
AL
87C51SL-| 16K OTP 256 2 | 1| 4 |24 16 SB HeT | Vcc ot 3B o 3.6B, 8-paspsaagHbin AL
AL
MCS251 — Hoeasi apxumexkmypa
80C251S HeT 1K | 31| 0|32]12,16 N HeT | Pacwup. apxutekTypa, PCA,
B annapatHbin WDT
83C251S | 16K ROM 1K | 3|1 0 |32(12,16 N L1 | Pacwwup. apxutektypa, PCA,
B annapatHbin WDT
87C251S | 16K OTP ROM 1K | 3 |1 0 |32]12,16 N L3 | Pacwup. apxutektypa, PCA,
B annapatHbin WDT
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11.MukpokoHTponnepbl cemencrea MCS51 n ero aHanorw.

: PDF-
Max. RAM / Max. | Timer . ADC- .
Type anu- | Clock Ea?;t“:) XRAM | 10 | (16- | Sl | Others (%'::a
Rate (Byte) Lines Bit) Res Sheet)
AT-89C51 Atmel 24 4k 128 32 2 1 - ; 122k
Flash —_—
AT-89C52 Atmel 24 8k 256 32 3 1 - ; 173k
Flash I
AT-89C1051 |  Atmel 24 1k 64 15 2 1 - Analog 219k
Flash Comp. =
AT-89C2051 |  Atmel 24 2k 128 15 2 1 - Analog 246Kk
Flash Comp. =
DS-80C310 | Dallas 33 - 256 32 3 1 - 2 Data 327k
Pointer —
Low Power,
DS-80C320 | Dallas 33 ; 256 32 3 2 ; Nor 97k
Low Power,
DS-80C323 | Dallas 18 ; 256 32 3 2 ; Nor 97k
DS-87C520 | Dallas 33 16k | 256/1k | 32 3 2 - WDT 470k
DS-87C530 | Dallas 33 16k | 256/1k | 32 3 2 - RTC, WDT 43K
1-8XC51 Intel 24 4k 128 32 2 1 - ] 288k
1-8XC51FX Intel 20 | 8k-32k | 256 32 2 1 - PCA 284K
SC-8XC51 Philips 33 4k 128 32 2 1 - ; 411k
P-8XC52 Philips 33 8k 256 32 3 1 - ; 80k
SC-8XC451 | Philips 16 4K 128 56 2 1 - Parallel 15k
Interface
P-8XC550 | Philips 16 4k 128 é‘i‘n 2 1 8/8 WDT 92k
PCB- - 40 12C, WDT,
i Philips 24 8k 25 | o 2 2 8710 v 03k
PCB- - 40 WDT, PWM,
i Philips 16 8k 25 | o 3 1 8/8 | " Beom 47K
WDT, PCA,
P-8XC575 | Philips 16 8k 256 32 3 1 - 4Analog 508k
Comp.
WDT, PWM,
P-8XC576 | Philips 16 8k 256 30 3 1 6/10 | 4Analog 15k
Comp.
SAB- . 40 WDT, PWM,
80C5X5 Siemens 20 8k 256 +8in 3 1 8/8 WDU
SAB- . 40 WDT, PWM,
80C515A Siemens 18 - 256 / 1k +8in 3 1 8/10 WDU
SAB- . 56 WDT, PWM,
80C5X7 Siemens 16 8k 256 +12in 4 2 12/8 WDU
SAB- . 56 12/ | WDT, WDU,
80C517A Siemens 18 - 256/ 1k +12in 4 2 10 PWM
SAB-C501 | Siemens | 40 8k 256 32 3 1 ] ]
256/ progr.
SAB-C502 Siemens 20 16k 256 32 3 1 - XRAM-Start
Adr, WDU
. 256 1 PWM for
SAB-C504 Siemens 40 16k 256 32 3 1 8/10 motor, WDU
. 64 15/ | WDT, PWM.,
SAB-C509 | Siemens | 16 - 256/3k | o0 | 5 2 YA IMES
SAB-C511 | Siemens | 12 2,5k 128 32 2 1s8sCc | - ;
SAB-C511A Siemens 12 4k 256 32 2 1SSC - -
SAB-C513 | Siemens | 12 8k 256 32 3 2 - ssc
256 / SSC,
SAB-C513A | Siemens | 12 16k s 32 3 2 - EEProm
available
Full CAN
SAB-C515C | Siemens | 10 Si?'\é"'& 256 / 1k +‘;?n 3 2 8/10 | Interface,
PWM, SSC
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http://www.semiconductors.philips.com/acrobat/3015.pdf
http://www.semiconductors.philips.com/acrobat/3008.pdf
http://www.semiconductors.philips.com/acrobat/3007.pdf
http://www.semiconductors.philips.com/acrobat/3023.pdf
http://www.semiconductors.philips.com/acrobat/3006.pdf
http://www.semiconductors.philips.com/acrobat/3005.pdf
http://www.semiconductors.philips.com/acrobat/3004.pdf
http://www.semiconductors.philips.com/acrobat/3003.pdf
http://www.intel.com/design/mcs51/datashts/27096103.pdf
http://www.intel.com/design/mcs51/datashts/27041907.pdf
http://www.dalsemi.com/DocControl/PDFs/87c530.pdf
http://www.dalsemi.com/DocControl/PDFs/87c520.pdf
http://www.dalsemi.com/DocControl/PDFs/80c320.pdf
http://www.dalsemi.com/DocControl/PDFs/80c320.pdf
http://www.dalsemi.com/DocControl/PDFs/80c310.pdf
http://www.atmel.com/atmel/acrobat/doc0368.pdf
http://www.atmel.com/atmel/acrobat/doc0366.pdf
http://www.atmel.com/atmel/acrobat/doc0313.pdf
http://www.atmel.com/atmel/acrobat/doc0265.pdf

12.Cnucok nutepartypbl.

1.

2.

6.

CnpaBo4HuK. MUKpPOKOHTpONNEphb! : apxuTeKTypa, NporpammMmupoBaHue, uHtepdgenc. bpoanH B.B., WarypuH

M.N.M.:OKOM, 1999.

JokymeHTaLmsa Ha MUKPOKOHTponnepbl hupmbl Intel MCS- 51/151/251. (katanor pdf cpainos)
http://www.intel.com/design/mcs51/docs_mcs51.htm

OnucaHvsa MUKpPOKOHTponnepoB cemerictea MCS-51
http://www.phyton.ru/cgi-bin/control/noframe.cgi?PAR1=3&PAR2=4&PAR3

MukpokoHTposiepbl:(nogbopka 4OKyMMeHTaumm n codra)
http://me.tusur.ru/~radio/micro/

OpaHokpucTanbHble MMkpodBM MCS-96 A.B. IN'yces, O.B. MnpoHeHko, YpanbCkuin NONNTEXHUYECKNIA

yHuBepcuTeT, kacdeapa TIPA (EkatepuHbypr). B kHure gaetcs nogpoOHbIn 0630p apXUTEKTYPbI, CUCTEMbI

KOMaHZ 1 npumeHeHun 16-paspsagHbiX MUKPOKOHTponnepos cemencTaa Intel MCS-96. (yuebHuk B pdf cpannax)
http://ce.cctpu.edu.ru/msclub/LITERATU/gusev/oglav.htm

JokymeHTaLmsa Ha MUKPOKOHTponnepbl hupmbl Intel MCS- 96/296. (katanor pdf cannos)
http://ce.cctpu.edu.ru/msclub/LITERATU/gusev/oglav.htm

A Tak e MHOro nHdopMaunmnm MOXXHO HaUTK Ha canTax : http://www.phyton.ru u http://www.gaw.ru/
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http://www.gaw.ru/
http://www.phyton.ru/
http://www.intel.com/design/mcs96/docs_mcs96.htm
http://ce.cctpu.edu.ru/msclub/LITERATU/gusev/oglav.htm
http://me.tusur.ru/~radio/micro/
http://www.phyton.ru/cgi-bin/control/noframe.cgi?PAR1=3&PAR2=4&PAR3=1&PAR4=8
http://www.intel.com/design/mcs51/docs_mcs51.htm

